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CARILLOY eclectric-furnace aircraft 
quality steel meets every requirement for 
these vital parts. The precision machining 
and expert heat treatment it gets at Cleve- 
land Pneumatic ‘Tool Company complete 
the job. 


UNITED 


Reductio ad optimum 


@ “Reduced to the most favorable 
degree”’ describes exactly what hap- 
pens to the huge USS CariLioy 
steel ingots from which are formed 
the rugged main columns in the land- 
ing gears of every B-36. 

To provide the tremendous 
strength and shock resistance re- 
quired to safely cushion the landing 
impact of 179 tons of bomber weight 

-and, at the same time, to keep 
the weight of the landing gear as low 
as possible—calls not only for steel 
of the highest quality but also for 
unusual procedures in fabrication as 
well. 

Consider these facts. The original 
ingot weighs approximately 37,500 
lbs. From it are produced two cylin- 
drical columns weighing only about 
1200 lbs. apiece. Approximately 937 
of the steel is removed by machining 
to proper contour and in hollow- 
boring the column. When finished, a 


STATES 


mere 7% of the original ingot is left 
to do the job. 

That USS steel has 
been exclusively selected for this ap- 
plication—one of the most exacting 
in the aircraft industry —is, we be- 
lieve, highly significant. The same 
care and skill, the same ability to 
meet requirements that are beyond 
the ordinary, go into every order of 
CARILLOY steel we make —whether 
it’s an ingot of giant size or a few 
tons of special steel. 

US'S CarRILLoy is just one more 
example of the better steel products 
developed and produced by United 
States Steel. If you are interested in 
additional engineering training, why 
not investigate your opportunities 
with U. S. Steel? For more informa- 
tion, contact the Placement Direc- 
tor of your school, or write to United 
States Steel Corporation, 525 Wil- 
liam Penn Place, Pittsburgh 30, Pa. 
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H. had his tickets. He was all set to sail. 


Then this professor of engineering at one of 
America’s leading educational institutions 
received an invitation to General Motors Engi- 
neering Educators Conference. 

So, having heard reports on the success of the 
1952 conference, he put off his trip and joined in 
the two-week session of meetings and field trips. 
Q.E.D.—he was delighted. Said he wouldn’t have 
missed it. 

Why? Because, like his fellow educators, he 
found GM executives meant what they said when 
they told their guests: 

“One of the principal objectives of this Confer- 
ence is to make us better acquainted with each 
other’s problems. We hope that you will develop 
personal contacts during the Conference that will 
assist you in the future. By developing better 
mutual understanding and cooperation between 


prof who put off 


trip Europe 


ositions no 


GM 


MECHANICA 


METAL 


education and industry, together, we can do a 
better job of solving the engineering problems 
of the future and maintaining our Nation's tech- 
nical leadership.” 

Yes, the engineering mind is bound to find a con- 
genial intellectual climate at General Motors. For 
we respect the engineering point of view. As 
proved by the number of key GM executives in 
both divisional and top management who began 
their careers as engineering graduates on GM 
drafting boards. 

So to you faculty members we say: please feel 
free to write us or ask our College Representa- 
tive, who periodically visits your campus, any 
questions, however detailed, on the subject of GM 
jobs for your talented students. 


And to you soon-to-graduate engineers, we say, 
better think seriously about a GM future. It’s 
yours, if you have what it takes. 


in these fields: 


L ENGINEERING 


ELECTRICAL ENGINEERING 
7 LURGICAL ENGINEERIN 


G 
[INDUSTRIAL ENGIN 
CHEMICAL ENGINEERIN 


GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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LOCKING COLLAR 


It is threadless and resilient. Every bolt impresses 
{but does not cut) its full thread contact in the 
Red Elastic Collar to fully grip the bolt threads. 
In addition, this threading action properly seats 
the metal threads—and eliminates axial play 
between bolt and nut threads. All Elastic Stop 
Nuts—regardless of type or size—lock in posi 
tion anywhere on a bolt or stud, maintain 
accurate adjustments and seal against liquid 
seepage. Vibration, impact or stress reversal 
does not disturb prestressed or positioned set- 
tings. 


Whenever fastening presents a problem—ESNA is ready with a quick 
answer. More than 3000 types and sizes of self-locking vibration-proof 
fasteners—plus the “know-how” of ESNA engineers—are available here 
at ESNA. 

ESNA has long been known as “design headquarters” for self-lock- 
ing fasteners. Accepted by Army, Navy and Air Force, virtually every 
aircraft built in the past decade has been Elastic Stop Nut-equipped. On 
the railroads, in the oil fields, on automobiles and construction equip- 
ment, Elastic Stop Nuts manufactured to exacting quality control stand- 
ards, are doing specialized jobs every day. 

Be familiar with the design help ESNA offers. Write us for details 
on Elastic Stop Nuts. Elastic Stop Nut Corporation of America, 2330 
Vauxhall Road, Union, N. J. 


C STOP NUT CORPORATION OF AMERICA 
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HEADQUARTERS 


FAS TERERS 


HIGH 
TEMPERATURE 
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PIPE HANGERS 
and SUPPORTS 


To many people, Grinnell is known best as a pro- 
ducer of high quality malleable and cast ircn pipe 


fittings os a Q or perhaps as 


the manufacturer of Grinnell Automatic 
Sprinkler Systems. But there are other 
reasons behind Grinnell’s leadership in the 
piping field. For example... 


Grinnell makes PIPE HANGERS and SUPPORTS of 
all types... from the simplest hanger for domestic 
service to engineered hangers which provide flex- 
ible but constant support for piping at such tem- 
peratures as 1000°F. 


WELDING FITTINGS 
and FLANGES 


HEATING 
SPECIALTIES 


WATER WORKS 
SPECIALTIES 


PREFABRICATED 
PIPING 


Grinnell manufactures special VALVES, including 
DIAPHRAGM VALVES... designed to handle cor- 
rosive fluids, gases, beverages, foods, compressed 
air, suspended solids ... in lines where corrosion, 
abrasion, contamination, clogging, leakage and 
maintenance are costly factors. 


Grinnell WELDING FITTINGS and FLANGES are 
available in many different metals. 


Grinnell, in short, offers industry a full line of 
piping supplies — including pipe, valves, fittings, 
hangers and other piping products. GRINNELL is 
an experienced well-rounded team of piping spe- 
cialists, backed by highest quality products. 


WHENEVER PIPING IS INVOLVED 


Grinnell runs a six-months training course at Providence, 
R. 1. to acquaint engineering college graduates with mod- 
ern piping engineering practice and products and with 
Grinnell Company operations. If you are a graduating or 
a graduate engineer, the Grinnell training course offers 


you an exceptional opportunity for a sound education in 
piping engineering and sales and good chances for ad- 
vancement. For further information, write directly to:— 
H. B. Cross, Executive Secretary, Grinnell Company, Inc., 
Providence, Rhode Island. 
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ENGINEERS 
ad PHYSICISTS 


To those interested in advanced academic study 


while associated with research and development in industry, 


the following practical programs are offered: 


1 
HUGHES 
COOPERATIVE 
FELLOWSHIP 
PROGRAM 


Jor Master of Science Degrees 


This program is to assist outstanding individuals 
in studying for the Master of Science Degree 
while employed in industry and making contri- 
butions to important military work. It is open 
to students who wiil receive the B.S. degree in 
Electrical Engineering, Physics or Mechanical 
Engineering during the coming year and to mem- 
bers of the Armed Services being honorably 
separated and holding such B.S. degrees. 
Candidates must meet entrance requirements 
for advanced study at the University of Califor- 


nia at Los Angeles or the University of Southern 
California. Participants will work full time at the 
Laboratories during the summer, and 25 hours 
per week while pursuing a half-time schedule of 
graduate study at the university. 

The salary will be commensurate with the 
individual’s ability and experience. Tuition, ad- 
mission fees and books for university attendance 
will be provided. Provision is made for an allow- 
ance to assist in paying traveling and moving ex- 
penses from outside the SouthernCalifornia area, 


2 
THE 

HOWARD 
HUGHES 
FELLOWSHIPS 


in Science and Engineering 


Eligible for these fellowships are those who have 
completed one year of graduate study in physics 
or engineering. Successful candidates must qual- 
ify for graduate standing at the California Insti- 
tute of Technology for study toward the degree 
of Doctor of Philosophy in physics or engineer- 
ing. In summers they will work full time in the 
Hughes Laboratories in association with scien- 
tists and engineers in their fields. 


Fellows may pursue graduate research in the 
fields of physics, electronics engineering, elec- 
tronic computing, aerodynamics, propulsion 
engineering, mechanical engineering, or infor- 
mation theory. 

Each appointment is for twelve months and 
provides a cash award, a salary, and tuition and 
research expenses. A suitable adjustment is made 
when financial responsibilities of the Fellow might 
otherwise preclude participation in the program. 


(From left to right) Hughes 
1952 Fellows Truman 0. 


Laboratory with 1953 Fellows 
Roy Gould and Baxter H. 
Armstrong. Their advanced 
study is at California Institute 
of Technology (above). 


wow To appty: For complete information concerning either of these Hughes Fellowship 
programs, consult your Placement Officer or write directly to us. Please indicate the 


particular program in which you are interested. A detailed explanatory brochure and 


application forms will be mailed promptly. 


Address all correspondence to 


| HUGHES | 
J 


RESEARCH AND DEVELOPMENT LABORATORIES 
COMMITTEE FOR GRADUATE STUDY 
Culver City, Los Angeles County, California 


: A group of participants in 
; the Hughes Cooperative 
‘ Fellowship Program (above 
left). Fellows study for , 
: Master of Science degrees 
: at either University of 
Southern California (center) 
: or University of California 
at Los Angeles (right). 
‘ 
| | ! 
Woodruff and Allen |. Orms- 
oe bee discuss tube processing 
, station in Electron Tube 


MODERN ABACUS 


new tool for lightning-fast 


calculatior 
i a Resembling a Chinese abacus, this 12-inch 


electronic assembly operates at a speed of one 
million pulses a second. It is one of 274 similar 
electronic units that perform the computing and 
control functions of IBM’s great new “701” 
Electronic Data Processing Machines. 

These extraordinary machines are providing 
the nation’s defense projects with the most 
flexible and productive computer ever manufac- 
tured in quantity. 

In every field of business, IBM machines re- 
duce the drudgery and increase the speed and 
accuracy of computing and accounting operations. 


IBM INTERNATIONAL BUSINESS MACHINES 
—e 590 Madison Avenue, New York 22, N. Y. 


Principal engineering laboratories and manufacturing 
operations at Endicott and Poughkeepsie, New York, and 
San Jose, California. 
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YOUR SERVICE 


Civil Service 

The United States Civil Service 
Commission has announced that 
there is a need for Aeronautical 
Engineers for research positions 
with the Air Force Cambridge Re- 
search Center and other federal 
agencies in the New England States. 
The salaries range from $4,205 to 
$7,040 a year. 

Appropriate education or experi- 
ence is required. No written test 
will be given. Further information 
may be secured at any post office, 
or from the U. S. Civil Service 
Commission, Washington 25, D.C. 
Applications will be accepted by 
the Board of U. S. Civil Service 
Examiners, Air Force Cambridge 
Research Center, 230 Albany St., 
Cambridge 39, Mass., until further 
notice. 


Draftsman 

The United States Civil Service 
Commission has also published a 
new examination for Engineering 
Draftsman and Statistical Drafts- 
man for filling positions in various 
Federal agencies in Washington, 
D.C., and vicinity. The salaries 
range from $2,750 to $5,940 a year. 


Cartographer 

Examinations have also been an- 
nounced by the U. S. Civil Service 
Commissions for Cartographer, 
Cartographic Technician, and Car- 
tographic Draftsman, for filling 
positions in various Federal agencies 
in Washington, D. C., and vicinity. 
Some field-service-at-large positions 
throughout the United States may 
also be filled. The salaries of the 
positions range from $2,750 to 10,- 
800 a year. 


90,000 r.p.m. 
and not a tremor! 


You can put your thumbnail against 
high speed machine tool shafts 
supported by Fafnir Super-Precision 
Ball Bearings and not feel vibration. 
Such smoothness of operation assures 
extremely accurate, fast work and 
prolonged life of parts. 


The achievement of such results 
takes more than skill and care in the 
manufacture of ball bearings . . . it 
takes an “attitude and aptitude” for 
approaching bearing problems from the 
customer's viewpoint... gained from 
experience in not one or two but all 
industries. The Fafnir 
Bearing Company, ; 
New Britain, Conn. 


Fafnir Super-Precision 
Duplex Type Ball Bearing 


FAFNIR 


BALL BEARINGS 


MOST COMPLETE S LINE IN AMERICA 


The Rome Air Development 
Center has challenging jobs for 
Electrical Engineers at salaries from 
$5040 to $9600 a year in all phases 
of electronic research and develop- 
ment, and in the installation and 
maintenance of radio, radar, and 
wire communications equipment. 


Write the Professional and Sci- 
entific Recruiter, Rome Air De- 
velopment Center, Griffiss Air Force 
Base, Rome, New York, or phone 
Rome-3200. 


Kodak Fellowships 


Eastman Kodak Company has 
awarded fellowships to 17 educa- 
tional institutions for the year, 
1953-54. This is part of the com- 
pany’s assistance to promising 
young scientists to encourage train- 
ing in chemical research. 


All for advanced study, ten of 
the fellowships are in chemistry, 
four in physics, and three in chem- 
ical engineering. 

Each award provides $1,400 plus 
an allowance for tuition and fees. 
The fellowship also provides for a 
payment of $1,000 to the univer- 
sity to help support the cost of the 
research undertaken by the student 
during the period of the fellowship. 

The fellowships are awarded to 
the colleges. They select a research 
student in the last year of study 
for his doctorate. The only require- 
ment is that the student be deserv- 
ing and promising. 

Kodak established the fellowships 
in 1939. For 1953-54, they will be 
awarded to Brown University, Uni- 
versity of Maryland, University of 
Michigan, University of Minnesota, 
University of Rochester, University 
of Texas, University of Washing- 
ton (Seattle), University of Wis- 
consin, Yale University, University 
of Chicago, Cornell University, Har- 
vard University, Massachusetts In- 
stitute of Technology, University 
of Delaware, Iowa State College, 
and Ohio State University. 
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AND DEVELOPMENT 


Call for Knowledge, Ingenuity, Teamwork 


Making new products in large amounts, devising new proc- 
esses, and improving old ones—such problems are the job of 
Design and Development. An example was the development 
of a large-scale process for making “‘Orlon” acrylic fiber 
starting from small laboratory samples of polyacrylonitrile. 


Quantity production of polymer was only a beginning. A 
whole set of new and unusual problems arose in spinning the 
fiber, because polyacrylonitrile decomposes before it melts, 
and it dissolves only in high-boiling solvents. 


A team of Du Pont technical men—chemical and mechan- 
ical engineers, instrumentation specialists, metallurgists, and 
materials handling experts undertook to find a solution. 
Here are a few of the problems they met: 


1. Solve problems in heat transfer and fluid flow 
arising from the fact that the spinning solution 
must be blanketed with inert gas to prevent fire 
hazards. 


2. Design a system for controlling the tempera- 
ture of the viscous spinning solution within +0.5°F. 
at hundreds of points in the plant. 


3. Design new mechanisms for winding yarn at 
high speed without any deviation in yarn tension. 


4. Design air conditioning and ventilating sys- 
tems to remove fumes from specific spots, but 
still allow easy access to all areas. 


Among Du Pont’s many research and engineering activi- 
ties, Design and Development jobs provide great oppor- 
tunity for the knowledge, ingenuity, and teamwork capaci- 
ties of men in a great variety of technical fields. 
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The characteristics of a super-pressure pump, 
designed by Du Pont engineers and made in 
Du Pont shops, are studied by Ralph C. Grubb, 
B.S.M.E., Tennessee ’51, and Paul D. Kohl, 
B.S.M.E., Purdue ’46. 


Albert Rand, B.S.M.E., M.I.T. (right) 
develops controls for chemical equipment, 


Carl Heliman, B.S.Ch.E., Syracuse ’50, and 
J. M. McKelvey, Ph.D.Ch.E., Washington 
"50, search for new ways to coat plastic on wire. 


ASK FOR “‘Chemical Engineers at 
Du Pont.” Newillustrated booklet de- 
scribes initial assignments, training and 
paths of promotion. Just send post card 
to E. I. du Pont de Nemours & Co. 
(Inc.), 2521 Nemours Building, Wil- 
mington, Delaware. Also available: 
“Du Pont Company and the College 
Graduate’’ & ‘‘Mechanical Engineers 
at Du Pont.” 


BETTER THINGS FOR BETTER LIVING 
. . THROUGH CHEMISTRY 


Watch “Cavalcade of America,” on Television 
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UT OF EVERY DOLLAR YOU SPEND, less than 
O 5¢ can be kept as profit by the average 
company supplying you. A good part of that 5¢ 
is then used to buy new machines. (Only 2¢ ever 
reaches the owners as dividends.) 


These new machines produce more, at lower 
cost. To stay in business in America’s highly com- 
petitive system, machine owners pass on those 
lower costs to you in lower prices. (Remember 


Warner & Swasey is a group of men 
who work hard, respect each other, and 
enjoy the satisfaction of group accom- 
plishment. If that sort of life appeals 
to you, write Charles Ufford for 
employment opportunities here. 


SWASEY 
Cleveland 


PRECISION 
MACHINERY 
SINCE 1880 


Where do profits go? 


To increase your standard of living 


YOU CAN PRODUCE IT BETTER, FASTER, FOR LESS WITH WARNER & SWASEY MACHINE TOOLS, TEXTILE MACHINERY, CONSTRUCTION MACHINERY 


your first mechanical refrigerator at $700, your 
first radio at $400?) 


Stop the profits and you will stop this process 
of better and better values. As machines grow 
older, they will produce less and less and so what 
they produce will cost you more and more. 


Remember that, next time you hear someone 
attack profits. He’s recommending higher prices 


for you. 


Statistics from: 
National Association of Manufacturers; 
Air Cond. & Ref. News; 

Electrical Merchandising. 


Gradall at work 
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A MESSAGE TO 
COLLEGE ENGINEERING 
STUDENTS 
from J. K. Hodnette, Vice-President and 


General Manager, Apparatus Products, 
Westinghouse Electric Corporation 


Success means different things to different men. It can 
mean professional recognition, or great achievement, 
or exciting work, or many other things. Whatever its 
special meaning to you—keep its image in your mind, 
for you are already well on the way to achieving it! 

If you are determined to become a research scientist, 
you can be. If you have a burning ambition to become 
a sales engineer, you can be. If you have your sights 
set on a top executive spot, you'll be there someday. 
One might think a large company like Westinghouse 
would have more pressing things to think of than the 


you CAN BE SURE...1F ITS 


Westinghouse 
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To the young man with a vision of success 


ambitions. of its young engineers. On the contrary, 
nothing is more important . . . for our professional 
people are our biggest asset. 

Here at Westinghouse, intensive efforts are made to 
help our professional men realize their individual goals 
—through extensive training programs, study programs 
leading to advanced degrees, leadership programs, and 
guidance in professional development. You are treated 


as an individual at Westinghouse. 
If you have the will, and are prepared, we can show 
G-10271 


you the way. 


For information on career opportunities 
with Westinghouse, consult Placement 
Officer of your University, or send for 
our 34-page book, Finding Your Place 
in Industry. 

Write: Mr. P. B. Shiring, Regional 
Educational Co-ordinator, Westinghouse 
Electric Corporation, Ellicott Sq. Bldg., 
Buffalo 3, New York. 
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HITCH YOUR CAREER 
TO A PLACE WITH NEW METHODS 


Under that white-hot strip of steel is an 
X-ray tube. Close above the steel is a spe- 
cially-designed electronic measuring device. 


As the steel strip speeds by at half a mile 
a minute, a ray beamed up through the 
steel is automatically measured. The 
results on a dial before the eyes of the 
“roller’’ give him a continuously accurate 
check on the thickness of the flat-rolled 
steel down to thousandths of an inch. 


Thus, Republic employs modern science 
to make possible better thickness control 
of steel sheets and strip. 


Perhaps, if you’ve never worked for a steel 
manufacturer, or sold a basic material, the 
import of an X-ray measurement may not 
raise you to high emotion. But customers 
know it saves them money because it avoids 
a lot of reject material. They have more 
confidence in X-ray-measured steel. They 
tend to favor the Republic man. 


When you become part of an organiza- 
tion, you'll want your company backing: 
you up with new ideas—not just standing 


behind you. 


REPUBLIC STEEL 


GENERAL OFFICES... CLEVELAND 1, OHIO 


WORLD'S WIDEST RANGE OF STEELS AND STEEL PRODUCTS 
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cohol From Ethylene 


By LAVONNE OLSON, Chem E °57 


The conversion of ethylene into 
alcohol is not a new one. It has 
been known in the laboratory since 
Faraday and Honnel first reacted 
ethylene and sulfuric acid to ab- 
tain ethyl achohol in 1850. It was 
not until 1935, however, that the 
first plant for synthesizing alcohol 
on a commercial scale was built by 
Union Carbide and Carbon, al- 
though a similar process for making 
propyl alcohol from propylene had 
already been in use for several 
years. 

The first oil refinery to use by- 
product ethylene to manufacture 
alcohol was the Baton Rouge plant 
of the Standard Oil Company of 
Louisiana which opened in 1943. 
Since then six major refineries have 
installed this process with several 
others under construction. This 
article will deal with the problem 
of the conversion of this product of 
the petroleum cracking towers into 
an industrial chemical. 

In the last fifteen years the syn- 
thesis of ethyl alcohol from ethyl- 
ene has become a very important 
source of industrial alcohol. Fifty- 
seven per cent of our national pro- 
duction was made in this way 1 
1952 and future needs indicate an 
even greater supply of synthetic 
alcohol, expected this year to climb 
to sixty-five per cent or more. 
The details of operating and pro- 
cessing will be given later, but 
briefly, the process consists of treat- 
ing ethylene with sulfuric acid to 
form mono- and_ diethyl sul- 


fates, and their subsequent hydroly- 
sis to alcohol. 

Next to alcohol, the most im- 
portant use of ethylene is in making 
ethylene oxide and its chief deri- 
vative, ethylene glycol. The impor- 
tance of ethylene oxide is due to 
its usefulness as an intermediate in 
making many other chemicals, such 
as ethylene cyanohydrin, acrilonit- 
rite, vinyl chloride, and others. 

The most widely used method of 
making ethylene oxide is to treat 
ethylene with aqueous hypo- 
chlorous acid to form ethylene chlo- 
rohydrin. This is then treated with 
lime at an elevated temperature. 
The oxide passes off as a gas which 
is then condensed and purified by 
distilling. This method, which is 
schematized in the following equa- 
tions, results in about eighty per 
cent yield. 


CH.2=CHs+ HOCIPCH.—CH, 
| 
OH Cl 
2C H.+Ca(OH).> 


on cl 
2c 


Another method is the direct ox- 
idation of ethylene. The ethylene, 
of ninety-five per cent purity, 
is mixed with air to about three to 
five per cent concentration and 
passed over a catalyst of finely di- 
vided silver at 200-300C. The oxide 
is removed by absorption in water. 
About forty percent conversion 1s 
achieved. 

2CH.=CH:z+ 0.>2CH.—CHs: 


The demand for ethylene oxide 
has slackened recently and the sell- 
ing price has leveled off at about 
seventeen cents a pound as compar- 
ed with an estimated cost of pro- 
duction of ten to twelve cents a 


Flow sheet for synthesis of alcohol from ethylene. 
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pound. It is feared that there may 
be an oversupply in the near future. 
Ethylene glycol is made by the 
hydrolysis of ethylene oxide, cataly- 
zed by a trace of sulfuric acid and 
heat. 
CHe—CHet 


| 
OH OH 


The acid is then neutralized, 
the water evaporated, and the 
glycol distilled off. The present 
selling price is about thirty cents a 
pound, 

The normal amount of ethylene 
coming from the cracking towers 
is not sufficient to keep an alcohol 
plant running on a definite time- 
table. Adjustments must be made 
to increase the yields of ethylene. 
It has been found that six to four- 
teen per cent of the cracking charge 
consists of C, hydrocarbons or 
lower of which nine per cent 1s 
ethylene. Vapor-phase cracking can 
yield a gas contaiming twenty to 
twenty-five per cent ethylene, and 
even higher percentages may be ob- 
tained by cracking  ethane-pro- 
pane mixtures or the  propane- 
butane cut of stabilizer gas. Addi- 
tional ethylene may be gotten from 
operations designed for the produc- 
tion of butadiene and isoprene. 

If the ethylene content is suf- 
ficiently high, saturated hydro- 
carbons such as methane and ethane 
need not be removed. However, 
to prevent excessive polymerization, 
the higher olefins should be re- 
moved with eighty-five per cent 
sulfuric acid or a hybrocarbon ab- 
sorption oil. 
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Hydration of Ethylene 


The direct hydration of ethylene 
involves the reaction 


C.H.t+ 
10,964 cal per mole at 15°C. 


It has been found that the forma- 
tion of alcohol is favored by low 
temperatures and high pressures 
and a relatively high ratio of ethy- 
lene to water. The pressure cannot 
be increased indefinitely, however, 
since at lower temperatures a high 
pressure will condense the vapor 
causing an unfavorable change in 
equilibrium, and, at higher tem- 
peratures, it will cause polymeri- 
zation of the ethylene. 

Since this reaction is slow at low 
temperatures, a catalyst must be 
used. Aluminum oxide has been 
found to be most active, but many 
others can be used, such as oxides 
and phosphates of thorium, tung- 


sten, and iron. No side reactions of 
importance have been found, ex- 
cept above 350°C where there is 
some polymerization. 

Under optimum conditions the 
conversion is only twenty-five per 
cent so that re-cycling is necessary 
and a concentrated supply of ethy- 
lene must be used. 

Despite the low yield there are 
several advantages to catalytic hy- 
dration. Since acid solutions are 
eliminated, no expensive corrosion- 
resistant equipment is necessary 
and investment costs are lower. This 
method of production is now being 
used by several plants, among them 
Shell Chemical and Texas Eastman. 

With the sulfuric acid process 
using concentrated acid, a yield of 
about ninety per cent ethanol is 
realized. This method is the one in 
commercial use today. By treating 
ethylene with concentrated sulfuric 
acid, usually ninety-seven per cent, 
a miture of mono- and diethyl 
sulfate is formed: 

+ 
Ce > (C2Hs) SOx 
These are treated with water to 

give ethyl alcohol. 
C:H;sHSO.+ >C:H;OH + H2SO, 
(C2Hs) SO.+ SH.0 >2C,H;0H + HeSO, 


There is also some ether formed 
which must be removed. 


+ HSO,> 
HeSO, 


Provisions must be made to re- 
concentrate the acid for further use, 
since it is diluted by the hydration 
process. 

The absorption of ethylene in sul- 
furic acid is favored by high pres- 
sure (see cut) and high concentra- 


Yield of C.H, as a function of time and sulfuric acid concentration. 
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tion of acid (see cut). A catalyst of 
silver sulfate is most effective, but 
others have been used. Details of 
this process will be given later. 

In order to avoid the costly and 
objectionable process of reconcen- 
trating the sulfuric acid, a method 
las been developed whereby the 
formation of sulfates and subse- 
quent hydrolysis is carried out in 
the same vessel in which the acid, of 
about eight per cent strength, in ef- 
fect acts as a catalyst. High pres- 
sures and temperatures are re- 
quired, but a yield of ninety per- 
cent is claimed. Thus, ethylene and 
steam would be bubbled six 
hundred to one thousand psi and 
250°C through dilute sulfuric acid 
in a vessel packed with Raschig 
rings. 

Disadvantages of this 
using dilute sulfuric acid include 
several corrosion problems encount- 
ered in handling eight per cent sul- 
furic acid at 250°C, and _ special 
equipment required by the high op- 
erating pressure. This method is not 
operated commercially. 

The flow diagram illustrates a 
typical set-up of the concentrated 
sulfuric acid process and reference 
should be made to it. 

Ethylene, at a concentration of 
thirty-two one hundreths per cent 
and a pressure of two hundred to 
five hundred psi, depending on the 
ethylene concentration, is absorbed 
in ninety-seven per cent sulfuric 
acid at a temperature of 180°F 
in on absorbing tower. Two pounds 
of acid are needed per pound of 
alcohol produced. Because the re- 
action is exothermic, internal cool- 
ing coils must be used to maintain 
this temperature. Waste gases from 
the top of the tower, after being 
scrubbed with caustic, may be used 
as fuel. 

The liquid) product containing 
mixed ethyl sulfates is then mixed 
with water and sent to the hydroly- 
zer. This reaction takes place at 
elevated temperatures to vaporize 
the alcohol and reduce ether for- 
mation. From here it goes to the 
stripping tower where steam is 
used to strip out alcohol and ether 
and permit them to pass out the top 
while the acid solution flows from 
the bottom to be reconcentrated. 

The alcohol-ether vapor is scrub- 
bed with caustic to remove any 
trace of acid which may have been 
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process 


Baton Rouge, Louisiana, alcohol plant. 


carried over from the stripper. It 
is then condensed and sent to the 
ether column where low pressure 
steam is introduced to vaporize the 
ether. The ether is backwashed at 
the top of the column to remove the 
last traces of alcohol, and it 1s 
then condensed and sent to storage. 
The alcohol-water solution passes 
into a fractionating tower where the 
alcohol is evaporated off under 
high reflux and condensed as al- 
cohol of about one hundred ninety 
proof (ninety-five to ninety-six per 
cent by volume). Water is piped 
from the bottom to be used again, 
and fusel oils are taken from an 
intermediate’ point on the tower. 


After being condensed, the alcohol 
is sent to weighing tanks where a 
weighed amount of denaturant is 
added. The purpose of denaturing 
is to make it unfit for human con- 
sumption so that it may be sold 


tax-free for industrial use. The 
denaturant added depends upon 
the use of alcohol and a great many 
varieties are shown. Common ones 
include methyl alcohol, benzene, 
gasoline, brucine, and acetaldehyde. 


Reconcentration of Acid 


The sulfuric acid, as it comes 
from the stripping tower, has a 
concentration of about fifty per 
cent and must be recouncentrated 
to ninety-seven and one-half per 


Standard Oil Co 


cent before it can be used again. 
This can be done as _ follows: 
First, the acid is concentrated 
to seventy per cent in an acid re- 
boiler and the steam is returned to 
the stripper. The acid passes to a 
Simonson-Mantuis two-stage va- 
cuum system which concentrates 
the acid without causing objection- 
able fumes. In the first concentra- 
tor the acid is brought up to eighty- 
nine per cent under 2.5 psi; in the 
second it is brought up to the desir- 
ed concentration at 0.4 psi. 

Because of the low pressures used, 
the acid temperature is kept below 
370F. Since steam at this tem- 
perature would require a high pres- 
sure, Dowtherm “A” vapor (dip- 
henyl and diphenyl oxide) is used, 
which gives a temperature of 575°F 
at 20 psi. 


Costs of Production 


By law no synthetic alcohol can 
be used for internal consumption. 
Even though there is no chemical 
difference, drinking alcohol must be 
fermented from grain. 

The cost of producing synthetic 
alcohol is relatively low compared 
to fermentation alcohol. One gallon 
of synthetic alcohol can usually be 
sold for less than the price of the 
molasses or grain required to fer- 
ment one gallon of fermentation 


alcohol. 
(Continued on page 3%) 
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Paints have generally been de- 
fined as fluid compositions which 
contain solid particles in suspension 
and which are used both as decora- 
tive and protective coatings on the 
surfaces to which they are applied. 

Paint is made by grinding the 
solid particles, known as pigments, 
in an oil or varnish medium to an 
extremely fine state of sub-division; 
then small proportions of a vola- 
tile “thinner,” such as turpentine, 
are added to make an easier and 
more uniform spread. Sometimes 
still other  surface-active com- 
pounds for more specific purposes 
are added also. The paint medium 
or vehicle commonly used is com- 
posed of a mixture of raw and 
boiled linseed oil. 

When paints are applied the vola- 
tile medium evaporates, leaving be- 
hind an oil pigment coating, which 


Inorganic Paint Pigments 


By FELIX ROSENGARTEN, ChemE ’57 


Mlustrations courtesy of E. 1, du Pont de Nemours & Co. 


dries or hardens owing to the ab- 
sorption of oxygen from the air 
by the oil contained. The solidified 
oil acts as a binder for the pig- 
ments and holds them in_ their 
place. 

The basic properties of a paint 
are determined by the pigment-ve- 
hicle relationship, for a paint must 
be able to stand up under wear 
from many causes. If there is con- 
tinued and destructive oxidation 
of the vehicle after the paint has 
dried, a progressive powdering will 
result which is known as “chalk- 
ing.” “Peeling” is caused by poor 
attachment of the paint to the sur- 
face, and “flaking” comes about 
when small sections of paint drop 
from the surface because of dirt or 
grease behind the paint. 

The “hiding” or “covering” 
power, stemming directly from the 


Temperature control of slurry in vat—part of paint manufacturing process. 


above relationship, is the difference 
in the refractive indices of the pig- 
ment and the vehicle. In the case 
of dry pigments, air may be con- 
sidered to be the vehicle. Since air 
has an index of refraction much 
lower than any of the paint liquids, 
a layer of dry pigment has a rela- 
tively high hiding power. 

From this relationship of pig- 
ment to vehicle the pigments can 
also be divided into three main 
classes: 1) inert, 2) basic, and 3) 
soluble pigments. Paints made with 
inert pigments should be based on 
vehicles which are as permeable 
as possible to water and to salts. 
Examples of this are lead, zinc, 
barium, calcium, and strontium 
linoleates, which are all inert in 
water. When basic pigments are 
used for protection against atmos- 
pheric exposure, soap formations or 
the neutralization of the oils with 
the organic bases should be en- 
couraged by the use of linseed oil or 
a similar oil and should be con- 
trolled by means of a suitable pig- 
ment mixture. In the presence of 
a salt the vehicle should be alkali 
resistant. Zinc chromate and zinc 
tetroxychromate are both soluble 
pigments which render water non- 
corrosive, probably because — of 
chromate ions; however, when 
ground in drying oils, they may 
function as basic pigments and 
form soaps. The pigment-vehicle re- 
lationship will then depend mainly 
on the properties of the specific 
pigments used. 


Pigment Texture 


The texture of pigments refers to 
the relative hardness and the shape 
of the individual particles, rather 
than the degree of subdivision. A 
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pigment may be finely divided and 
hard or soft; it may be flaky or 
needle-shaped. Whether the film 
'S a paint or an enamel is determin- 
ed by the texture of the pigment, 
the former being rough and hard, 
the latter smooth and soft. Usually, 
a pigment of soft texture will dis- 
perse much more readily, grind 
better, produce a better finish, have 
less tendency to settle and harden, 
and will make a better flowing and 
spreading paint than one of hard 
texture. All this is very essential to 
the manufacture of paints, since 
aging and gradual flocculation may 
change a once good pigment tex- 
ture to a poor one. 

Of importance to the texture is 
the density, which is the mass of 
a given volume of loose, dry p‘g- 
ment. Two common methods for 
measuring this are the Scott Volu- 
meter, which weighs a mass of pig- 
ment contained in a one cubic inch 
receiver, and the Becker-Rosen- 
muller) method, which is much 
more complicated and will not 
be discussed here. The higher 
the density of a pigment, the less 
oil it will absorb. The average pig- 
ment absorption ranges from about 
10 to 100 milliliters of oil per 100 
grams. If one correlates facts con- 
cerning the nature of the medium, 
the state of the pigment surface, its 
moisture, ete., one can calculate 
fairly accurately a measure of the 
oil required to fill the spaces not 
occupied by the pigment particles. 

The color of the pigment ts, of 
course, important too, for this is 
what appeals to our esthetic senses. 
It is possible to predict the color 
of a paint from various laws gov- 
erning the optical properties of pig- 
ments. The most common of these 
is probably that of Amy and Neu- 
gebauer, according to which the 
optical properties may be expressed 
in terms of two constants: the co- 
efficient of absorption (alpha) and 
the coefficient of diffusion (delta). 

In order to predict the color of a 
paint, it is first necessary to de- 
termine from the pigments present 
the relative values of the constants 
alpha and delta for a number of 
different lengths scattered 
throughout the visible spectrum, 
then to substitute the figures in 
the appropriate expression to give 
the predicted reflection of each 
wave length, and, hence, to con- 
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Pigment being dumped from a filter 


struct a_ reflectance/wave length 
curve, from which the color, by 
more complex analysis, can readily 
be calculated. The values of these 
coefficients will vary from medium 
to medium with refractive index. 


White Pigments 


Probably the oldest and the 
most important of the white pig- 
ments is white lead, 2PbCO,-Pb- 
(OH),. Its paint can be applied 
quite easily and has a high hiding 
power. However, one disadvantage 
is the darkening reaction with sul- 
fides present in the air. This has 
been overcome for the most part 
by the addition of zinc oxide or 
pigment extenders such as barium 
sulfates and barytes. Next came 
basic lead sulfate with the approxi- 
mate formula, 2PbSO,-PbO. It has 


press during paint manufacture. 


similar properties to white lead but 
is usually mixed with other pig- 
ments and offers much more re- 
sistance to the action of sulfur. 
Both these lead pigments offer the 
threat of lead poisoning, and even 
though much has been done to re- 
place them, they are still widely 
used. Sometimes they are reacted 
with vegetable oils to form soaps, 
improving the paint property. 
Zinc oxide is a more recent pig- 
ment, but it does not have the 
hiding power of white lead; it forms 
paints of only intermediate opacity. 
However, ZnO is one of the whitest 
pigments we have, since its color is 
unaffected by atmospheric gases. 
Zinc oxide prevents premature 
chalking because of the forming 


of sine soaps and its high opa- 
city toward ultraviolet rays. 


17 


Since it will react with its vehicle to 
form a very hard film, it is com- 
bined with other pigments, a much 
used mixture keing 65° lead and 
35°, zine oxide. 

Lithopone is a pigment consisting 
of barium sulfate and not less than 
26°. of zine sulfide. It is very 
opaque, because the zinc sulfide 
has a very high refractive index, 
2.37. However, heating it to very 
high temperatures and then quickly 
submerging it in water removes 
this effect. Today it is one of our 
most economical white pigments, 
and it is sold extensively. It is a 
very fine pigment with a clear white 
color, and its hiding power is even 
better than that of zinc oxide. 
Lithopone is especially well adapted 
to white and tinted interior paints, 
since it will combine readily with 


a variety of vehicles. 

Titanium dioxide is the newest 
of the important white paint pig- 
ments. Titanium dioxide is manu- 
factured in two crystalline forms, 
rutile and anatase, both of which 
have very high refractive indices, 
2.72 and 2.55 respectively. Rutile 
has a covering power which is about 
30°” greater than that of anatase. 
The commercial pigment is a fine 
white powder. Since it is so bright 
and has such a high covering power, 
titanium dioxide is usually sold 
mixed with barium sulfate, anhy- 
drous calcium sulfate, or magnes- 
ium silates in the ratio of three 
to seven. Titanium dioxide is also 
non-poisonous. The anatase modi- 
fication chalks rather badly when 
used as an exterior paint, but rutile 
TiO, 1s fairly inert chemically. 


Lump color in drying trays and barrels. 


Other common white pigments of 
importance are lead titanate, titan- 
ated lithopone, zinc, barium, or 
calcium sulfide, and zinc magnesium 
sulfide. Antimony oxide is used in 
enamels, often combined with other 
pigments in fireproofing paints and 
coatings. 

Recent tests by the Zinc Pigment 
Development Association in Eng- 
iand have shown that a pigment 
mixture of 60°. zine oxide and 
40°. rutile titanium dioxide holds 
up much better against outdoor 
weather than almost any other zinc 
paint pigment. 


Other Colors 


The most widely used blue pig- 
ments today are cobalt blues, iron 
blues, and synthetic ultramarine 
blue. Cobalt blues are very expen- 
sive and are not used too extensively 
for ordinary purposes. A compound 
of cobalt oxide, Co,O,, and alumina, 
AL,O., is the most common cobalt 
blue on the market. [ron glues con- 
sist of the many ferric ferrocyanide 
blue compounds, Iron blue pigments 
have good coloring power and are 
unaffected by light and air. They 
are fairly stable towards acids but 
can be decomposed by alkalis. Ul- 
tramarine blue is a complex sodium 
aluminum silicate and sulfide. The 
blue can be made darker by using 
different sodium compounds in the 
preparation of the pigment. These 
pigments have low covering power 
but are stable toward alkal's. They 
react with acids, liberating hydro- 
gen sulfide. Another blue pigment 
which is being used more and more 
widely, especially in printing, and 
which ts very stable towards chemi- 
cals, heat, and light, is one prepared 
by treating phthalonitrile, or- 
ganic substance, with copper. 

The oldest yellow pigment 1s 
ocher, a natural pigment, but due 
to its very weak tinting colors it is 
gradually being replaced im- 
portance by chrome yellows. These 
are our most popular yellow  pig- 
ments today; they are very  bril- 
lant and very opaque. Zinc chro- 
mates, although of poor tinting 
power, are widely used for their in- 
hibiting effect both in mixed paints 
and as a priming coat for steel and 
aluminum. Litharge, PbO, an- 
other yellow pigment which ts often 
used in anti-corrosion paints and 
as a drier. 
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Red lead, Pb,O,, is a brillant red- 
orange pigment which cembines 
with its linseed oil vehicle to form 
a tough, elastic, and very adher- 
ent film. Because of its corrosion- 
resistant properties, it has found 
extensive use as a paint primer for 
iron and steel surfaces. Fe.0., ferric 
oxide, is another paint pigment 
which finds its main use as a primer. 
Venetian red is a mixture of ferric 
oxide with an equal volume of cal- 
cium sulfate as the pigment exten- 
der; it is quite permanent and 
stable, especially on wood. Indian 
red is a natural pigment whose fer- 
ric oxide content is 80 to 95°. The 


basic lead chromate and cadmium 
reds are also used as red pigments. 
Comparing red lead paints with iron 
oxide paints shows that with res- 
pect to time the former has an in- 
crease in tensile strength and a de- 
crease in elongation at break. The 
latter paint shows a decrease in ten- 
sile strength and an increase in 
elongation at break, Composites of 
both have beeen found which give 
the intermediate behavior. 

The best permanent green pig- 
ment known is chromium. oxide, 
Cr.0,. Although it is expensive and 
lacks brilhance and opaqueness, it 
is very stable thermally, shows in- 


fra-red reflectance and permanency 
toward light. Chrome green, the 
only other green pigment of any 
importance, is only a mixture of 
iron blue and chrome yellow. If 
properly mixed this pigment ts very 
brilhant and has a_ high hiding 
power. 

Carbon black, graphite, and lamp 
black are our chief black pigments. 
Carbon black gives a surface of low 
reflectance to a paint. Lamp blacks 
are used for tinting purposes, and 
graphite is used mainly in corrosion- 
res:stant paints. 


Short on cash? Well, go no 
further, the answer to your prob- 
lem may lie on this page. All you 
have to do is find the correct an- 
swers to all the three simple puz- 
zles below. Then mail your solutions 
to THE CorNELL ENGINEER, and if 
your solutions are the first to ar- 
rive, you will receive three crisp 
one dollar bills. That’s all there is 
to it. Sounds simple, doesn’t it? The 
puzzles do not involve higher cal- 
culus or even lower calculus. As a 
matter of fact, the first two could 
be solved by a high school fresh- 
man with a knowledge of just ele- 


Brain Teasers 


mentary algebra. 

1. The combined age of a man 
and his wife is six times that of 
their children. Two years ago their 
combined age was ten times that of 
their children, and six years hence 
it will be three times that of their 
children. How many children have 
they? 

2. A rectangular piece of paper 
5x12 in. is folded over and creased 
so that one pair of diagonally op- 
posite corners meet. What is the 
length of the crease in inches? 

3. Two regular decks of playing 
cards rest side by side on a table. 


or November 


I turn over the top card of each 
deck. If they coincide exactly—that 
is, if both are the ace of spades or 
the deuce of clubs or the four of 


, hearts, ete.—I win. If they do not 


coincide, I turn over the new top 
card of each deck and compare 
them. Again if they coincide I 
win, and if they do not, I turn over 
the new top card of each deck. I 
keep on repeating this same proce- 
dure for the next fifty cards. If 
after going through both decks, | 
still have not simultaneously turned 
up two cards that are identical, | 
lose. What is the probability that I 
win? 
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etal Ceramic Composites 


By JOHN SCHMUTZ, Chemk ° 


Recent research has revealed 
metal ceramic composites as a 
promising new material of con- 
struction. The materials, commonly 
known in industry as cermets, cer- 
amals, metamics or cemented car- 
bides, are a combination of metals, 
with their characteristic luster and 
high electrical and thermal conduc- 
tivity, with non-metallic materials 
of high melting points, and limited 
or negligible ductility at room tem- 
peratures. Many of us have seen 
such materials in the form of orna- 
mental vases or perhaps in_ the 
form of tungsten carbide-cobalt tool 
bits; but in recent years their use 
has been contemplated in’ many 
new and broader fields, especially 
in high temperature applications. 

As a high temperature material 
of construction in such things as 
gas turbines, rocket engines, and 
other high temperature power 
plants, metal-ceramic composites 
show great promise. For such ap- 
plications a material must: possess: 
(1) high creep resistance, (2) re- 
sistance to thermal and mechani- 
cal shock, (3) high strength to 
weight ratio, and (4) resistance to 


the high temperature strength and 
the oxidation resistance compared 
to pure alumina but produced a 
large increase in thermal shock re- 
sistance. The tensile strength of 
this material at 2200 F is approxi- 
mately 10,000 psi. A combination 
of 70. alumnia and 30°, chromium 
developed recently at Ohio State 
University has even more promise 
as a high temperature material of 
construction. The disadvantage of 
these high creep and oxidation resis- 
tant metal oxide combinations is 
there extreme brittleness. In an 
effort to eliminate this brittleness 
and retain or improve other desir- 
able qualities, combinations — of 
metals with carbides, nitrides, and 
borides have been developed. 

The following table compares 
the high temperature properties of 
several class of ceramals with those 
of metals. 

Electro Metal Corporation has 
conducted tests on chromium boride 
sintered with nickel, nickel copper, 


Refrac- High Temp. 


Material toriness Strength 
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Ductility Resistance 
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tion of less refractory borides dur- 
ing exposure to elevated tempera- 
tures probably influenced stress 
rupture strengths at 1500 F and 
1600 F. Kennemetal Inc. has de- 
veloped a composite of 20°. cobalt 
and 80°. titanium carbide (K-138). 
Oxidation resistance of this com- 
posite can be markedly improved 
by minor additions of tantalum 
carbide or columbium carbide and 
tantalum carbide in the form of a 
three carbide solid solution, Small 
turbine blades of this composite 
have been operated under the con- 
ditions simulated in gas turbines. 
This composite shows promise as 
a material for blade construction 
for temperatures up to 1500 F. 


Used as Magnetic Core 


Besides their high temperature 
applications, metal ceramic com- 
posites can be used in the magnetic 
cores of self-induction coils for high 
frequency communication equip- 


Thermal 
Shock 


Stability Oxid Res, 


oxidation, Ceramics do possess in Metals Poor Poor Good Excellent = Good Poor 
general good high temperature Oxides Good Good Poor Poor Excellent Excellent 
: . Carbides Excellent Excellent Poor Fair Excellent Poor 
strength, creep resistance, and, in Fair 
the case of oxides, good oxidation Nitrides Good Poor Pair Fair Fair 
resistance; but they have rather 


Silicides Fair : Poor Fair Fair Good 
. Sulfides Good : Poor ? Good Poor 
poor thermal shock resistance. By ? 


the addition of certain metals to 
form a composite, the high tem- 
perature strength of the ceramic ts 
decreased but the thermal shock 
resistance is markedly increased. 
The overall effect is to increase the 
safe operating temperatures — of 
equipment. 

This field of metal ceramics 1s 
as yet very new, One of the first 
metal ceramics developed was a 
combination of aluminum oxide and 
iron. This combination was de- 
veloped in Germany during World 
War II as a substitute for high tem- 
perature alloys. Here tron decreased 
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Phosphides — Fair : Poor ? Fair Poor 


nickel chromium, and cobalt. In 
modulus of rupture tests, a chro- 
boride-15°, nickel compo- 
site proved the best with a strength 
at room temperature of 123,000 psi. 
Stress rupture tests were carried out 
at 1500 F and 1600 F for a 100 hour 
life, with stresses of approximately 
4500 and 2500 psi, respectively. Un- 
fortunately, oxidation tests showed 
that this material is limited to tem- 
peratures below 1750 F due to the 
formation of a liquid phase at 
higher temperatures. This forma- 


ment. These cores cannot be made 
of solid magnetic materials because 
of extremely high eddy current 
losses at high frequencies. If the 
magnetic material is reduced to very 
fine particles and insulated with a 
ceramic the eddy current loss is re- 
duced to a very small value. In ad- 
dition, such a composite gives an 
improved magnetic permeability 
over a wide range of flux density, 
reduction of hystersis losses, and 
modulation of hysteresis effects. 
The requirements of the ceramic 
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coating are that it be thin (about 
5 microns), and capable of with- 
standing subsequent heat treat- 
ment. To make the magnetic core, 
a few thousandths of one percent of 
sulfur is added to an inherently mal- 
leable iron-nickel-molybdenum 
loy. The sulfur forms a network of 
microscopic sulfide films at the 
grain boundaries of the metal. At 
high temperatures this metal can 
be hot rolled to small section but at 
lower temperatures the sulfur makes 
it very brittle and the metal can 
eastly be fractured by tapping. The 
metal is thus hot-rolled, cooled, ul- 
verized in an attrition mill to very 
fine equiaxed crystals , which are 
annealed, insulated with metal ox- 
ide ceramic complex, and again an- 
nealed. 

Current collector brushes of elec- 
trical machinery are examples of 
laminated structures in metal cera- 
mic composites. Such brushes must 
have low friction, high re- 
siscanee and high electrical and 
thermal conductivity. Since pure 
carbon brushes have proved un- 
satisfactory for 
high-current 


low-voltage and 
applications, metal 
graphite composites were develop- 
ed in which the metal phase pro- 
vided high current carrying capa- 
city and the graphite served as a 
solid lubricant. The laminated form 
provides a lower electrical 
tance parallel to the direction of 
the current flow than perpendicu- 
lar to it. These laminated structures 
are produced by pressing a mixture 
of flaked powders of silver or cop- 
per and the powdered graphite. The 
mixture 1s pressed in a direction 
perpendicular to the current flow 
in the brush. 
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Fig. 1. Hot and cold pressing techniques in production of metal ceramics. 


Bonding 


Since in metal ceramic compo- 
sites true dissimilar materials are 
being combined, the problem of 
bonding becomes of prime impor- 
tance, Although as yet unverified, 
several hypotheses of the nature of 
this bonding have been proposed, 
One of these hypotheses is that of 
mutual solubility. This may be a 
limited solubility of one of the com- 
ponents in the other as in the case 
of cobalt cemented carbides, or, as 
in. chromium) cemented alumina 
composites, a solubility (in the cer- 
amic surface 
phase of the metallic component. In 


components) of a 


the case of alumina and chromium 


the bond is due to the formation of 
a Cr.O, film on the chromium 
during firing. Since this film is tso- 
morphous with alumina, it readily 
dissolves in the alumina, forming 


the bond. The rate of formation of 
this oxide film, which ts eritical to 
the strength of the bond, is a fune- 
tion of the t.me, temperature, and 
the atmosphere of firing. 

Another type of bond is due to 
a chemical reaction between the 
metal and the ceramic, or between 
the ceramic and the film formed 
on the metal. In the case of the 
iron-alumina composite this is a 
spinel, ALO,. In still other 
cases the bonding may be primarily 
mechanical with little or no solu- 
bility of the components. This ts 
the case of the silver-graphite col- 
lector brushes mentioned previously. 

Finally, bonding may be accom- 
plished by the addition of a minor 
amount of a third component. This 
additive may bind the metal and 
the ceramic by solution, by reaction 
with the components, or by both. 
An example of this type of 


Fig, 2. Infiltration method for producing metal-ceramics. 
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bonding is the use of titanium hy- 
dride to bind metal and ceramic 
parts in electron tubes. 

In addition to bonding, many 
other problems must be recognized 
in selecting materials for metal 
ceramic composites. First, the ther- 
mal expansion coefficients of the 
two materials must have the proper 
relation throughout the operating 
temperature range. This problem is 
particularly severe in’ metal cer- 
amics because of the large tempera- 
ture ranges usually involved, and 
because of the limited range of the 
coefficients in ceramics. A mismatch 
may mean highly strained fabricat- 
ed objects or actual breakage. An- 
other problem is to match sintering 
shrinkage. Chemical reaction be- 
tween the components, accelerated 
by high fabrication and service 
temperatures, must also be consider- 
ed. An example of this type of 
reaction might by the formation of 
a low melting eutectic phase. 


Design and Fabrication 


Mechanical design is of prime 
importance in producing metal cer- 
amics. Substitution of metal-cer- 
amics for metals without changing 
the design of the objects may lead 
to serious difficulty. These difficul- 
ties arise principally because of the 
limited ductility of the composites. 
Ductility is important for resistance 
to impact, assembly and handling, 
and distribution of stresses in. ser- 
vice. Dampening capacity and den- 
sity must also be considered in 
metal ceramics. In the case of rotat- 
ing objects, metal ceramics have a 
distinct advantage over metals be- 
cause of their low density, 

Some features which should be 
avoided metal ceramic design 
are: (1) abrupt changes in thick- 
ness, (2) non-uniform 
tions, (3) sharp corners, and (4) 


cross sec- 


internal angles without fillets. In 
addition it should be remembered 
that the compressive strength of 
metal ceramics is usually several 
times larger than its tensile 
strength. 

Due to the high melting tempera- 
tures of the constituents, fabrica- 
tion of metal ceramics is limited 
primarily to powder metallurgy pro- 
cesses. As shown in Fig. 1, for both 
the hot and cold pressing technics, 
both the metal and the ceramic 
are pulverized particles, 325 
mesh in size. These are then blend- 
ed in a ball mill to the proper com- 
posit.on so that each ceramic par- 
ticle is coated with a thin film of 
metal. In cold pressing, the compo- 
site is placed in hardened steel dies 
and pressed by hydraulic and me- 
chanical presses at pressures of 
from 5 to 50 tons per square inch. 
The composite is then sintered at 
temperatures of 2500 F to 4000 F 
in electrical resistance or high fre- 
quency induction furnaces the 
presence of protecting atmosphere. 
If considerable machining re- 
quired, presintering is used_ prior 
to machining. Grinding is used for 
final dimensioning. For short tubes 
and rods of uniform cross section, 
the metal and ceramic powders are 
mixed with an organic binder, such 
as wax, and extruded to attain the 
compact composite. The binder is 
volatilized in sintering. 

Two methods are employed in 
hot pressing. One is to apply the 
full load of 500 to 2500 psi at room 
temperature, heat to the sintering 
temperature (2500 F to 4000 F), 
release the load, and cool. The other 
method is to heat to the sintering 
temperature, and then apply the 
load. A modification of these two 
methods is to apply the load at 
room temperature, heat to the sin- 
tering temperature, and maintain 


the load and temperature for a 
given period of time. The load is 
then released and the composite 
cooled. Hot pressing produces com- 
posites of uniform density and low 
porosity. 


Fig. 2 shows the infiltration 
method of — producing — metal 
ceramics. ‘This process involves 


sintering the ceramic powder to a 
porous mass, and then impregnat- 
ing the ceramic with molten metal 

capillary action. This process ts 
by capillary action. This pr 
applicable to materials that have 
w-dely different melting points and 
which do not dissolve, or react with 
each other appreciably. Heat is 
supplied through the graphite dies 
by an induction coil. Other methods, 
less important, are flame spraying, 
vapor deposition, and cataphoresis. 

Much fundamental theory, prac- 
tice, and application must yet be 
investigated before the entire scope 
of metal ceramics may be evaluat- 
ed. Information about the chemical 
and mechanical behavior of com- 
posite particles, such as bonding 
and mechanical design for the com- 
posites, is lacking. Despite this lack 
of complete information, metal cer- 
amics have come into their own 
as materials of construction and the 
groundwork is set for a broad ex- 
tension of a new product in engi- 
neering materials. 
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The Anchorage-Tok Junction telephone line, built through frozen wilderness, 
passes near Alaska’s Mantanuska Glacier. It connects with facilities to Fairbanks. 


The line is through to Tok Junction, Alaska 


Ever hear of permafrost? It’s sub-surface earth, 
permanently frozen hard as rock. But it was 
only one small problem in pushing through 
Alaska’s newest telephone line 


As the nation’s defense perimeter was pushed northward, 
it became plain that high-speed communications were 
needed for Alaska. The Army Signal Corps asked the Bell 
System to help build a modern telephone line for our 
strategic northern outpost. Today the line is a fact. 

But the 330-mile route between Anchorage and Tok 
Junction on the Alean Highway called for all the resource- 
fulness and skill of Bell System and Army engineers. 


What type of line? Engineering studies and surveys 
proved that weather, expense and maintenance problems 
made it impractical for the new line to be aerial or buried 
cable or radio relay. The answer was open-wire pole line 
plus carrier equipment. But stringing this line through 
frozen wilderness was rough business. 

The line had to cross two high mountain ranges. Aver- 
age spacing between poles was 155 feet, but to bridge 
rivers, ravines and steep mountainside descents called for 
long-span crossings, ranging from 400 to 1800 feet. 
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Getting the right vehicles, tools, and materials to the 
right places when needed was a major feat of planning in 
this wilderness. The line called for 15,000 poles of varying 
lengths, 2500 crossarms, 1,525,000 pounds of copper- 
steel wire and 2400 tons of hardware. 


Dynamite licks permafrost. Bulldozers, pole-hole dig- 
gers and big trucks battled their way over tortuous moun- 
tain roads. The simple process of setting poles proved 
almost impossible in some areas because of a voleanic silt 
hardened by permafrost. No drill was tough enough to with- 
stand its pumice-like action. The problem was licked by 
punching holes and using small dynamite charges. 


But now the work is done. Engineers have turned their 
talents to other parts of the vital communication system— 
building a long distance dial switching system between 
Anchorage and Fairbanks. 


And so it is with the fast-growing telephone company. 
There always is a new frontier to conquer—in research, at 
the Bell Laboratories, in manufacturing at Western Electric, 
or in one of the operating companies serving the changing 
requirements of a constantly shifting population. Check 
now with your Placement Officer on the opportunities 
which await college engineers in the Bell System. 


BELL TELEPHONE SYSTEM 
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“Mi EXPERIENCE with machinery in 


the Navy during the war convinced 
me I needed a training course. There was 
so much equipment on board that was a 
complete mystery to me that I became 
very ‘training-course minded’. 

“After investigating many training 
courses, the one at Allis-Chalmers looked 
best to me then—and still does. 

“In my opinion, the variety of equip- 
ment is what makes Allis-Chalmers such 
a good training spot. 

“No matter what industry you may be 
interested in, Allis-Chalmers makes im- 


Facts You Should Know About the 


portant, specialized equipment for that 
industry. Electric power, steel, cement, 
paper, rock products, and flour milling 
industries—to name a few, are big users 
of A-C equipment. 


“Before starting on the Allis-Chalmers 
Graduate Training Course, I thought I 
would like selling, preferably technical 
selling but, as is often the case, I didn’t 
know for sure. This course, together with 
some personal guidance, helped me make 
up my mind. That, too, is an important 
advantage of the GTC program. 


“But whether you want to be a salesman 


Allis-Chalmers Graduate Training Course 


1. It’s well established, having been 
started in 1904. A large percentage of 
the management group are graduates 
of the course, 

2. The course offers a maximum of 24 
months’ training. Length and type of 
training is individually planned. 

3. The graduate engineer may choose 
the kind of work he wants to do: design, 
engineering, research, production, sales, 
erection, service, ete. 

4. He may choose the kind of power, 
processing, specialized equipment or 
industrial apparatus with which he will 
work, such as: steam or hydraulic, 
turbo-generators, circuit breakers, unit 
substations, transformers, motors, con- 
trol, pumps, kilns, coolers, rod and ball 


mills, crushers, vibrating screens, recti- 
fiers, induction and dielectric heaters, 
grain mills, sifters, etc. 


5. He will have individual attention 
and guidance in working out his train- 
ing program. 


6. The program has as its objective the 
right job for the right man. As he gets 
experience in different training loca- 
tions he can alter his course of training 
to match changing interests. 


7. For information watch for the Allis- 
Chalmers representative visiting your 
campus, or call an Allis-Chalmers dis- 
trict office, or write Graduate Training 
Section, Allis-Chalmers, Milwaukee 1, 
Wisconsin. 


ALLIS-CHALMERS 


C-5676 


says LOWELL E. ACKMANN 


University of {linois—B.S., E.E.—1944 
and now manager, Peoria, Ill., Branch Office 


or designer, production engineer, or re- 
search engineer, Allis-Chalmers, with its 
wide variety of equipment and jobs, is an 
ideal place to get off to a good start— 
without wasting time.” 


PROCESSING—Allis-Chalmers built sol- 
vent extraction plant processes one hundred 
tons of rice bran per day at oil processing 
plant in Texas. 


POWER—Models show comparative size 
of generators having the same rating with 
and without super-charged hydrogen cool- 
ing. Allis-Chalmers is first to supply super- 
charged hydrogen cooling. 


THE CORNELL ENGINEER 


e 
il 
L 
4 
‘ 
i 


WILL YOU BE READY TO HELP 
CONQUER THE “X” BARRIER? 


America’s security in the air may one day depend 
upon the kind of fresh ideas you supply . . . to solve 
problems that are still unknown or dimly seen. 
Already we have conquered the sonic barrier... 
now we're working on the heat barrier. 


North American needs engineers who can work on 
the team that built the great planes of WW II... 
the F-51 Mustang, B-25 Mitchell . . . the 
record-smashing F-86 Sabre Jets. Other careers 
are in the making in North American’s pioneering 
programs in guided missiles, jets, rockets. 
electronics, atomic energy ... each years ahead 

to keep America strong in the air. 


When you are prepared to enter the engineering 
profession, consider the well-paid career 
opportunities at North American. Meanwhile, 
feel free to write for any information concerning 
your future in the aircraft industry. 


Contact: 

Your College 
placement office 

or write: 
Employment Director, 
5701 West 

Imperial Highway, 
Los Angeles 


12214 Seuth 
Lakewood Bivd. 
Downey, Calif. 


North American 
Aviation, Inc. 


Columbus 6, Ohio 


NORTH AMERICAN 
AVIATION, INC. 


LOS ANGELES, CALIFORNIA * COLUMBUS, OHIO 


North American has built more airplanes than any other company in the world 
Vol. 19, No. 2 25 
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In a land noted for rapid expansion 
of free industrial enterprise, few 
companies have matched the swift 
and continuing growth of the 
Reynolds Metals Company. Now op- 
crating 27 plants in 13 states, and 
still expanding, Reynolds offers the 
ambitious engineering graduate a 
world of opportunity. 

Reynolds operations include baux- 
ite mining in domestic and foreign 
locations...chemical and electrolytic 
processing to produce aluminum pig 
... Sheet rolling...drawing and ex- 
trusion of mill and structural shapes 
...foil rolling and printing. ..pow- 
der and paste production. .. finished 
parts and products fabrication. In 
these and in the allied sales and mar- 


REYNOLDS 


Expanding 
Opportunity! 


keting operations promising careers 
exist for graduates in virtually any 
phase of engineering. 

On-the-job training is the 
Reynolds policy—after preliminary 
orientation which may include basic 
experience in production plants for 
and sales office work 
for technical trainees, Liberal insur- 
ance, hospitalization and retirement 
programs are maintained, 

For important background infor- 
mation on “your future in Alumi- 
num,” mail the coupon. If you are 
definitely interested now, write direct 
to General Employment Manager, 
Reynolds Metals Company, 3rd and 
Grace Streets, Richmond 19, Va. 


a | Reynolds Metals Company, Employment Dept. 
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Please send me, FREE, your 96-page booklet, ‘The ABC's of Aluminum"; 
also the 44-page book, “Reynolds Aluminum... and the Company that 


Reynolds new aluminum re- 
duction plant near Corpus 
Christi, Texas — capacity 
160,000,000 pounds a year. 


Tapping one of atter 
electrolytic cells 


Sheet rolling—reverse hot mill in 
operation 


ALUMINUM 


| 
tt Richmond 19, Virginia 
| 
makes it." 
t 
| Name 
1942 1948 | Address 


Reynolds expanding production — historic 
chapter in 33 yeors of continuing growth. 
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Big trencher gouges out 
13 cu. yards per minute! 


| This big digger crawls along at 10 to 12 feet per 
minute digging a ditch 7% feet wide and four feet 
deep. To keep it operating with minimum mainte- 
nance in this tough service, the engineers specified 
a total of 69 Timken® tapered roller bearings in the 
differential, transmissions, and track rollers. Line 
contact between rollers and races gives Timken bear- 
ings extra load-carrying capacity. Tapered construc- 
tion enables Timken bearings to take radial and 
thrust loads in any combination. 


Maintenance reduced 
with TIMKEN’ bearings 


Timken bearings make closures more effective, 
holding housings and shafts concentric. Lubricant 
stays in, dirt stays out. Maintenance is minimized; 

long, trouble-free operation is assured. | 


Want to learn more about 
bearings or job opportunities? 


Some of the engineering problems you'll face after 
graduation will involve bearing applications. For help 
in learning more about béarings, 


6 write for the 270-page General 
TAPERED ROLLER BEARINGS information Manual on Timken 
bearings. And for information about 
the excellent job opportunities at 
the Timken Company, write for 
a copy of “This Is Timken”. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. 


NOT JUST A BALL © NOT JUST A ROLLER > THE TIMKEN TAPERED ROLLER o> 
BEARING TAKES RADIAL @) AND THRUST -@~ LOADS OR ANY COMBINATION 3) 
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Thomas W. Hopper 


“The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
its graduates and former students and to establish closer relationship between the college and the alumni.” 


The aims of the Cornell Society of Engineers are to duce intangible values in this respect. 


promote the welfare of the College of Engineering, to pro- 


Human nature being what it is, most of us want to be 


vide a friendly interest and aid in the success of its gradu- 
ates, and to foster a closer relationship between the Col- 


identified with a successful operation, to be a member of 


the winning team. 


lege and its alumni. 


In our efforts to satisfy this desire, the suecess of 


How can the welfare of the College of Engineering be 


promot d? Here are some of the ways: 


the Engineering College and the success of its graduates 


are interwoven. Accomplishments of individual Cornell 


i. o tell our friends about Cornell and its many Engineers are reflected on the college, and conversely, ac- 
advantages. ceptance of the College as a leading engineering insti- 
2. We talk to school principles, teachers, and likely tution adds stature to its graduates. 


students about Cornell Engineering. We help them 
obtain catalog information, interviews, and campus 
visits. Engineers are in your community and to publicize their 


It is helpful to know who the outstanding Cornell 


achievements. If possible we want to have a speaking ac- 


3. We take an interest in the courses being taught in ‘ 5 
quaintance and friendship with them. If there is a branch 


the Engineering College and where possible make 
contact with the faculty and undergraduates. of the Society in the particular area, we want these men 


4. We serve on Scholarship Committees. to be our speakers so that we can better understand their 


qualities of leadership and they in turn can appreciate our 


5. We respond to the best of our ability whenever 
the college expresss a need for financial and other 


abilities and worth. 


types of help. This approach furnishes a: means for achieving solid- 

How may the interests of Cornell Engineers be ad- arity as a group and provides a strong foundation on 

vanced and a closer relationship fostered? which to build an even greater Cornell Society of En- 
Through the many activities of the Society that pro- gineers, 
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ALUMNI 


ENGINEERS 


Edward J. Blair, M.E. ‘05, re- 
tired last April, closing a forty- 
eight year career in the Chicago 
Transit Authority, where he be- 
came chief engineer and special 
engineer. He and Mrs. Blair now 
reside in Tryon, North Carolina. 


Vincent R. Stirling, C.E. ‘05, is 
constructing pipelines across the 
Straits of Mackinack, Michigan, 
for Bechtel Corp. of Los Angeles, 
California. He lives at 5280 Castle 
Road, La Canada, California. 


Edgar MacNaughton, M.E. ‘11, 
is a professor and the head of the 
Mechanical Engineering Depart- 
ment at the Tufts College Engineer- 
ing School. He has been at Tufts 
since 1914, except for a year spent 


~~-Alumni News 


Edgar MacNaughton 


as associate professor of mechani- 
cal engineering at the University 
of Illinois. He has done summer 
work at General Electric, Westing- 
house, Timken Roller Bearing, 
United States Shoe Machinery and 
Boston Elevated. He has been chair- 
man of the Boston Section of 


ASME. 
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Howard L. Aller, M.E. ‘06, has 
been elected chairman of the 
board of Texas Utilities Co., of 
which he was president. His ad- 
dress is 1056 Commerce Street, 
Dallas, Tex. 


George B. Cummings, B. Arch. 
‘12, was elected secretary of the 
American Institute of Architects at 
their annual convention in Seattle, 
Washington. He is a fellow of the 
Institute and lives at 79 Front 
Street, Binghamton. 


Charles R. Vose, M.E. ‘14, is on 
an Explorer's Club—Museum of 
Natural History trip through the 
Congo with the world’s authority 
on African birds, Dr. James P. 
Chapin. They have covered the 
country from Lake Tanganyka to 
Lake Edward and have met many 
of the Congo native chiefs. 


Frank W. Pierce, M.E. ‘16, di- 
rector of Standard Oil Company of 
New Jersey, is a member of the 
National Manpower Council es- 
tablished by the Ford Foundation 
at Columbia’s graduate school of 
business in 1951. The Council's 
report was presented to President 
Eisenhower in May of this year. 


Reginald H. Keays, C.E. ‘95, Jack- 
son Heights, Long Island, visited 
his boyhood heme in St. Thomas, 
Ontario, Canada in July. Keays 
was described a few years ago at 
an engineering function in New 
York City as “The Dean of Tunnel 
Engineers.” He has built tunnels 
for more than half a century, in- 
cluding aqueducts in Athens, 
Greece, flood-control dams in Ma- 
cedonia, the first tunnel under the 
Hudson River, connecting New Jer- 
sey and Manhattan, the Brooklyn- 
Battery Tunnel, and he was active 
in the construction of the oil pipe- 
line from the Texas production 
fields to the Atlantic seaboard out 
of New York City. He lives at 77- 
12 Thirty-fifth Avenue in Jackson 
Heights. 


Donald W. Exner, E.E. ‘28, sup- 
ervisqar in charge of electrical 
power system development at 
Boeing Airplane Co., is chairman 
of the AIEE subcommittee on air- 
craft electric power systems and a 
member of the subcommittee on 
aircraft electrical insulation. He 
now resides at 6236 Thirty-fourth 
Avenue, N.E., Seattle 5, Washing- 
ton. 


Alfred L. Parme, C.E. ‘35, re- 
ceived the Fuertes Graduate Medal 
of the School of Civil Engineering 
in June, 1953, for his work in pre- 
paring the manual of engineering 
practice, “Design of Cylindrical 


~-Mlumni News 


Alfred L. Parme 


Concrete Shell Roofs”, published 
by ASCE in 1952. He is on the 
staff of the Structural and Railways 
Bureau of the Portland Cement As- 
sociation in Chicago, and returned 
in March from work as a consulting 
engineer on the construction of the 
first arch dam attempted in Japan, 
on Kyushu Island. His address is 
33 West Grand Street, Chicago, 
Illinois. 


Theodore H. Booth, M.E. ‘25, of 
Woodland Drive, Lewiston, is Di- 
rector of Manufacturing of the Car- 
borundum Co., Niagara Falls, New 
York. 


(Continued on page 33) 
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Another example of opportunities for engineers at LINK-BELT 


High speed “highway” for low costs 


Millions of tons of 
bulk materials now ride on 
belt conveyors engineered 

and built by LINK-BELT 


For bulk materials handling, belt conveyors 
provide remarkable initial economies. And 


4 FH in many cases operation and maintenance ‘ 
i* cost far less than any other method of 
transportation. 

4 


Belt conveyors handle huge tonnages, 


because the material runs at high speed in 
a continuous stream—24 hours a day, if 


desired. 


Initial cost is low, because there is no 


need to carve out hills or fill in low spots 
—no need for heavy bridges over obstruc- 


tions. Belt conveyors are light in weight and 


operate in narrow or low passages ... up or 
down steep grades. They are inherently long- 
lived, requiring little maintenance. 


The science of handling bulk materials 


is just one of many growing fields open to 


graduate engineers at Link-Belt. If you're 
near one of the many Link-Belt plants listed 


below, stop in for a talk, Or write today for 
fully illustrated booklet, “An Introduction 
to Link-Belt.” 


ca Link-Belt belt conveyor system at Hungry 
Horse Dam (Mont.) carries 900 tons per hour 
of blended sand and sized aggregates up a steep 
canyon wall to concrete mixing towers. 


LINK-BELT COMPANY 
Executive Offices: 
307 N. Michigan Ave., Chicago 1, IL. 


Atlanta...... 1116 Murphy Ave., S. W. 
Cedar Rapids, Iowa. . . 
.. 300 W. Pershing Road 
Colmar, Pennsylvania... .. . ......3400 Walnut 
.. 3203 So. Wayside 
4 Indianapolis G........... 220 8. Belmont Ave. 
x Indianapolis 6.......... 519 N. Holmes Ave. 
& Los Angeles 43....... 361 S. Anderson Ave 
: Minneapolis § ek 200 Lyndale Ave., N. 
“3 Philadelphia 40.......2045 W. Hunting Park Ave. 
i San Francisco 24... 100 Paul Ave. 
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Richard 


Conway, Lehigh selects 


Manufacturing Engineering Worthington 


RICHARD CONWAY checks 
cutting tool with machinist 
before milling a pump casing. 


After completing his general training which brought him in 
contact with all departments, Richard J. Conway decided that 
manufacturing engineering was his field. He says, “I chose the 
Manufacturing Engineering Department after completing my 
general training at Worthington because as a graduate in In- 
dustrial Engineering I can learn the practical aspects of my 
field while applying theory I learned in college. 

“The personnel of this department work together as a team 
toward the solution of the numerous problems which arise 
daily. We have the cooperation of all other departments in the 
corporation in getting the necessary facts pertinent to the solu- 
tion of these problems. In the course of our day it may be 
necessary for us to meet the Plant Manager, Chief Engineer, 
Comptroller, several department heads, clerks, foremen, ma- 


FOR ADDITIONAL INFORMATION, sce your College 
Placement Bureau or write to the Personnel and Training 
Department, Worthington Corporation, Harrison, N. J. 


chinists and many others throughout the company. 

“IT have contributed to the solution of many problems han- 
died by this department including metal spraying, machining 
procedures, purchasing new equipment and designating proper 
dimensions to obtain desired fits between mating parts. 

“IT enjoy my work because I’m doing the work I want and 
my formal education is being supplemented with practical 
knowledge gained from the tremendous wealth of knowledge 
available to me at Worthington. I know from personal contact 
with many other departments in the Corporation that Wor- 
thington can and will find their young engineers a spot which 
will give them the same opportunities as have been afforded me.” 

When you're thinking of a good job, think high—think 
Worthington. 


The Sign of Value — 
Around the World 
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A jet engine compressor blade 
oscillating in a high-velocity air- 
stream made this fingerprint-like 
picture. Such interferograms, taken 
at the rate of 5000 per second, 
help our engineers to visualize 
why blades flutter. By analysis, 
instantaneous vibratory forces can 


be measured. 


Accurate knowledge of blade 
forces and stresses permits our 
engineers to design the lightest 
blades consistent with reliability. 


Studies of flow dynamics are 
important. Yet this is only one 


fingerprint of a flutter... 


small phase of the research 
that goes into the successful 
development of high-performance, 
dependable aircraft engines for 


supersonic flight. 


At Pratt & Whitney Aircraft the 
use of advanced techniques is 
encouraged — the most advanced 
facilities made available because 
we know that good engineering 
requires good tools, This partially 
explains why so many outstanding 
engineering graduates have been 
attracted to a career at Pratt & 
Whitney Aircraft. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 


East Hartford 8, 


Connecticut 
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John S. Fisher, E.E. ‘28, has been 
president since 1948 of General 
Metals powder company, 130 Eli- 
nor Avenue, Akron 5, Ohio. The 
Company _ produces __ electrolytic 
powdered copper and compressed 
friction materials. John Fisher’s ad- 
dress is 614 Vinita Avenue, Akron, 
20, Ohio. 


Roland K. Blakeslee, C.E. ‘29, of ROW Whitt 
145 Westford Circle, Springfield, 

Massachusetts, is product engineer EZRA CONN 

of Diesel Fuel Injection Division, 
American Fosch Corporation. He is 
on the governing board of the 
South New England Section of the 
Society of Automotive Engineers. 


George H. Whitfield, M.E. ‘96, 
pauses on the Quadrangle to chat 
with Dean S. C. Hollister of the Col- 
lege of Engineering after cycling 
322 miles from his home in Wash- 
ington, D. C., to attend the alumni 
reunions. Whitfield is 80 years old. 


architectural consultant for tenant 
layout work in the Empire State 
Building, New York City. He open- 
* ed his own office at 285 Madison 
Avenue last January. Previously, 
he was senior partner in the firm 
of Petroff and Clarkson. 


‘partners in creating 


Byron E. Short, M.M.E. ‘36, is 
chairman of the department of 
mechanical engineering at the Uni- 
versity of Texas, Austin 12, Texas. 


Stanley R. Brodhead,, B.M.E. ‘42, 
finished a twenty-one month re- 
call to active duty as a major, 
U.S.A.F., last December, and be- 
came assistant to the director of 
engineering and contracts, Bridge- 
port-Lycoming Division of AVCO 
Manufacturing Corp. He and his 
wife and three children live at 
700 Mill Plain Road, Fairfield, 
Connecticut. 


John A. Newman, B.C.E. ‘43, has 
opened an office in the Gulf Build- 


messy oils that leak, but with a special synthetic trans- 
parentizer developed by K&E. ALBANENE does not turn 


@ ALBANENE,*.a K&E product, is the preferred tracing paper 
in thousands of drafting rooms. It is transparentized, not with rN ar ” at 


brittle or lose its transparency with time. After years it is as Drafting, ing in Houston, Tex. As on inde- 
good as new. *Trade Mark® Reproduction and pendent consulting engineer, he is 
Surveying Equipment specializing in oil and gas field val- 

KEUFFEL & ESSER cu. : a vation and development. He lives 


NEW YORK * HOBOKEN, N. J. Measuring Tapes. at 3824 Belfontaine, Houston 25, 
Chicago ® St. Louis * Detroit * San Francisco * Los Angeles * Montreal Tex. 
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Serge P. Petroff, B.Arch. ‘36, is 


Simple enough now, this vertical ascent was history-making in 1939, 


ou can remember 


THE FIRST SUCCESSFUL HELICOPTER 


Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine — 
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 


Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 


Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 


Helicopters of the future will be the product of 
tomorrow’s engineers. Sikorsky is young and grow- 
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 


One of the four divisions of United Aircraft Corporation 
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Perhaps you belong at Sikorsky — in the research 
departments, the drafting rooms, the engineering 
laboratories. 


You can remember the first successful helicopter 
— you may be the man to build tomorrow’s! Learn 
more about employment opportunities at Sikorsky 
from C. R. Banks, Personnel Department. 


IKORSKY 


South Avenue 
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COLLEGE NEWS 


A-C Network Calculator 


The College of Engineering at 
Cornell University has announced 
the purchase of a major piece of 
equipment—an A-C network cal- 
culator from the Westinghouse 
Electric Corporation. This device is 
able to duplicate on miniature scale 
the complete power system of 
huge electric utilities servicing areas 
as large as entire states. By this 
means it can be applied to the solu- 
tion of such problems as the loca- 
tion of new power plants and trans- 
mission lines for best service to 
particular areas. Solution of such 
problems by ordinary methods may 
take from three to six months be- 
cause of the complex network of 
transmission lines and power sta- 
tions in a large electric utility, but 
the calculator can handle these in 
less than a week. 

The Cornell-Westinzhouse cal- 
culator will be used for student in- 
struction electrical engineering 
and for research. It will be available 
also for development projects for 
electric utilities. The calculator will 
occupy a special laboratory in one 
of the new engineering buildings 
on the Cornell campus and will be 
in operation in about a year. This 
particular calculator has already 
been in use for two years by the 
Westinghouse Electric Corporation. 
Thus, Cornell will be able to use the 
calculator immediately, rather than 
first having to iron out any initial 
defects of the analyzer. 

The need of network calculators 
has increased greatly in the last 
decade, paralleling the mushroom- 
ing growth of the power industry. 
In 1941 only twelve calculators 
were available in the country; the 
Cornell calculator will be the 
twenty-fifth to be installed. 


Student Lounge 


The new student lounge in the 
basement of Sibley Dome is expect- 
ed to be completed this fall. This 
lounge will be for the use of all en- 
gineering students. Serving as 
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a place to relax between classes, 
the room will also provide a meet- 
ing place for undergraduate  so- 
cieties. It will contain a_ kitchen, 
coke room, and a large main room 
with excellent lighting and venti- 
lation. The room will boast of all 
new furniture, new floor, and sound- 
proof ceiling. 


Lankton Visits Japan 


Gordon Lankton, fifth year me- 
chanical engineering student at 
Cornell University, returned last 
September from a six-week confer- 
ence series in Japan. He served as 
one of three American delegates 
selected by the National Student 
Association. 


Cornell Daily Sun 


Gordon Lankton 


The first three conferences were 
mainly on world affairs as they af- 
fect Japan and America. The last 
two conferences, attended by stu- 
dents from nine Asian countries as 
well as by Japanese and Americans, 
were of broader scope. 

The International Student Asso- 
ciation of Japan, a group of Eng- 
lish-speaking Japanese students at- 
tending Japanese universities, spon- 
sored the conferences, which took 


place in five different Japanese 
cities and were attended by a total 
of 600 people. The conferences have 
been held every year since 1934 ex- 
cept for the war years. 


Prize to Engineers 


First prize in the A. F. Davis 
Undergraduate Welding Award 
Contest for 1952-53 was awarded 
to Roger C. Waugh and Otto P. 
Eberlein of the Class of 1954 in 
Metallurgical Engineering for their 
article on “Penetration Factors in 
Metallic Are Welding,” which was 
published in the May, 1953, issue 
of the Cornell Engineer. This award 
is made annually by the American 
Welding Society for the best ar- 
ticle on welding or related topic 
that has appeared in any student 
engineering publication in an Ameri- 
can university or college during the 
year. The award carries a cash prize 
of $200 to the authors and $200 to 
the journal of publication. 

This is the second consecutive 
year in which first prize this 
contest has gone to students in the 
course Metallurgical Engineer- 
ing at Cornell. The 1951-52 first 
prize was awarded to David Thomas 
and Paul Wisniewski of the Class 
of 1953. 


RCA Fellowship 


Cornell’s RCA Fellowship — of 
$2,420 for graduate study in engi- 
neering physics has been awarded 
to William Y. Stevens, of South 
Portland, Me., who will enter the 
University’s Graduate School this 
month. 

The fellowship at Cornell was es- 
tablished in 1949 as part of a 
nation-wide program sponsored by 
the Radio Corporation of America. 
Recipients are recommended by 
the participating universities and 
chosen by the RCA Education 
Committee. 
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ASEE Leaders 


During the college year 1953-54, 
Cornell University will be represent- 
ed among divisional officers and 
committee members of the Ameri- 
can Society for Engineering Edu- 
cation by eight men. 

Dean S. C. Hollister, ASEE pres- 
ident in 1951-52 and recipient of the 
society’s Lamme award in 1952, 
serves on four major committees— 
society functions, financial policy, 
associate institutional membership 
and evaluation of engineering ed- 
ucation. Prof. Dwight F. Gunder 
is also a member of the last-named 
committee. 

Cornell has three divisional chair- 
manships. Prof. Arthur J. MeNair 
heads the civil engineering division. 
Prof. N. A. Christensen heads the 
graduate studies division as_ well 
as serving on the committee for the 
promotion of ethical standards. 
Prof. Orval C. French chairs 
the agricultural engineering di- 
vision and also represents it on the 
ASEE general council. 


Prof. John C. Gebhard serves on 
the engineering economy comm:'ttee, 
and Prof. Everett M. Strong is on 
the editorial board of the Teaching 
Aids Bulletin. 


Hollister Serves on U.S. 
Reorganization Commission 


On July 25, Dean S. C. Hollister, 
head of the College of Engineering 
at Cornell University, was appoint- 
ed to the new Government Reor- 
ganization Commission. The object 
of the group is to propose measures 
to save money and improve the ef- 
ficiency of the various departments 
of the government by their reor- 
ganization or possible abolition. 
Besides inquiring into how. effici- 
ently a government activity is per- 
formed, this group, unlike the 
earlier Hoover Commission, has the 
authority to study whether the 
activity should be performed by 
the federal government at all. The 
law creating the new commission 


directed it to submit its final re- 
port not later than May 13, 1955. 

In addition to the Government 
Reorganization Commission, Dean 
Hollister has been active in two 
other fields of public service in 
recent years. He has served on the 
Defense Department commission 
to draft defenses against atomic at- 
tack and has participated in studies 
designed to train more technicians 
and engineers. 


Shaw Studies Spectroscopy 


Prof. R. William Shaw, chairman 
of the Department of Astronomy at 
Cornell, attended an Institute for 
Infrared Spectroscopy held at Fisk 
University, Nashville, Tenn., from 
Aug. 31 to Sept. 4. 

Professor Shaw is interested in 
the application of infrared spectros- 
copic technics to the analysis of 
the composition of the moon’s sur- 
face, a problem now under investi- 
gation in the Cornell Department 
of Astronomy. 


The Frick Graduate Training Course in Refrigeration and Air Condition- 
ing, operated over 30 years, offers a career in @ growing industry. 


DEPENDABLE DEPENDABLE REFRIGERATION SINCE SINCE 
RICK 


WAYNESBORO, PENNA. 


Temperatures down to 85 degrees 
below zero are maintained by a 3- 
stage Frick system in this altitude- 
temperature-humidity 
the Radio Corp. 
Camden, N. J.,where two other test 
rooms are also cooled to minus 
100 F. by Frick refrigeration. and reference through- 


out the years ahead 
Only $2.50 


correct. 


chamber of 
of America at 


Just published ...the most practical, helpful 
modern text on mechanical drawing... 


After years of preparation, 
first really practical 
three-dimensional drawing. Chock-full of valu- 
able instruction on axonometric and perspective 
drawing for modern industrial illustration—com- 
piled by Anthony D. Pyeatt, foremost authority 
on visual presentations which are technically 


Plus 22 full-page plates 
of breath-taking illus- 
trations by Bryan G. 
Smith, famous designer 
whose accomplishments 
range from packages for 
Walter Dorwin Teague 
to entire metropolitan 
shopping centers! An in- 
dispensable 
course, which will pro- 
vide priceless inspiration 


At your dealer or direct from 


HIGGINS ins co. inc. 


271 Ninth Street, Brooklyn 15, N. Y. 


TECHNICAL 
ILLUSTRATION 


By ANTHONY D. PYEATT and BRYAN G. SMITH 
Lavishly illustrated—full 8.” x 11” size — 


handy flat format 


Published as a service of the Higgins Ink Co., Inc. 


it’s here — the very 
“how-to” book on modern : 


self-study 
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Owner goes ‘round the world 
in 40 seconds! 


With this new multi-wave port- 
able you can circle the globe in 
the time it takes to twist a dial. 

That’s because the RCA Victor 
Strato-World radio has Elec- 
tronic Band Spread Tuning. 

Instead of being squeezed to- 
gether on one band segment, 
short-wave stations are in spread 
formation across the dial of your 
7-band Strato-World. You tune 
London, Rome, Moscow, Tokyo 
just like local stations. 


There’s real one-handed port- 
ability, too. The Strato-World is 
a trim 23 pounds, with batteries 
... or it can be plugged into an 
electrical outlet. Smartly styled, 
with genuine cowhide case! 

Here is the performance, the 
engineering and design you've 
come to expect from RCA Victor, 
a division of the Radio Corpora- 
tion of America. See this globe- 
trotting, pace-setting portable at 
your RCA Victor dealer’s. 


CONTINUE YOUR EDUCATION WITH PAY—AT RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
—offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

© Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations ). 
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©@ Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

© Design of component parts such as 
coils, loud I it 


F rs, c 


Development and design of new 
cording and producing methods. 

© Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 


Also many opportunities for Mechanical and Chemical Engineers and Physicists. 


® RADIO CORPORATION OF AMERICA 


World leader in radio — first in television 
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low-speed 
wide-clearance 


SOLIDS 
PUMP 


Actual working installation of a low-speed, wide- 
clearance Morris Solids Pump which handles fine 
solids at a race of 6,000 gpm at 52’ total head. Pump 
speed only 370 rpm, 14” suction opening, 12” dis- 
charge. 


\ ," ) here total heads do not exceed about 120 feet, low- 

speed, wide-clearance Morris Type-M Solids Pumps 
will handle solids ranging from fine abrasives up to pieces 
11” in diameter. The low-speed reduces the abrasive action 
of the smaller particles, the large clearance allows larger 
solids and “tramp” pieces to pass without trouble. 


Longer Wear, Easier Maintenance 


Designed so that the most important wearing parts receive the 
least wear, initial high mechanical and hydraulic efficiencies 
are maintained throughout the longer service period of the 
pump. Double-thick wearing parts are sub-divided and pro- 
tected so that the greatest erosion is taken by easily replaced 
segments. That means speedy, easy renewal, less down-time 
and lower maintenance cost. 


Free Consultation 


Morris engineers are always available to discuss and study 
your pumping problems with you. Describe your needs in a 
letter—or call your nearest Morris office. Our recommenda- 
tions are free—entail no obligation. Write for Bulletin 175 
which describes the Type M Solids Pump in detail. 


MORRIS MACHINE WORKS 
Baldwinsville, N. Y. 
Sales Offices in Principal Cities 


Alcohol 


(Continued from page 15) 


The price of ethylene from crack- 
ing operations is about five cents a 
pound. Manufacturing costs, includ- 
ing all fixed costs, labor, materials, 
depreciation, etc., are estimated at 
about ten cents a gallon of alcohol 
produced, Since it takes about four 
pounds of ethylene to make a gallon 
of alcohol, the total cost of pro- 
ducing a gallon of synthetic alcohol 
is thirty cents. The September, 
1953, selling price for industrial 
alcohol was forty-eight cents a gal- 
lon, in carload lots. 


The greatest deterrent to expan- 
sion of the synthetic alcohol in- 
dustry is the high investment neces- 
sary for installation. Large quanti- 
ties of expensive alloys are required 
to resist corrosion from the concen- 
trated acid. Steel pressure vessels 
are needed with linings of lead, Kar- 
bate, glass, Duriron, and other simi- 
lar materials. Facilities for pro- 
ducing ethylene and recovering the 
acid are costly. 

The demand for industrial alco- 
lol is increasing rapidly and most 
of it will have to be met with syn- 
thetic alcohol. It is estimated that 
sixty-five per cent of the alcchol 
produced this year will be manu- 
factured synthetically. 


The selling price of alcohol is 
determined largely by fermentation 
alcohol and is widely fluctuating. 
As recently as 1948 the price varied 
between seventeen cents and one 
dollar per gallon. Even so, the 
high price of molasses and grain 
relative to ethylene enables the 
synthetic product to consistently 
undersell the fermented. As a result, 
several former manufacturers of 
fermentation alcohol have discon- 
tinued production. 


There are two other factors to 
be considered. First is the rising cost 
of ethylene due to the new uses 
which are being found for it and 
the consequent greater demand. 
Second is the catalytic synthesis 
of alcohol from water gas by the 
Fischer-Tropsch reaction. Although 
there is no commercial production 
by this method, it is generally felt 
by chemists that Fischer-Tropsch 
alcohol would be cheapest of all to 
produce. 
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NEW DOW 


Technical 
Library 


ENABLES EMPLOYEES 
TO FURTHER STUDIES 


These modern facilities provide an extremely wide range of scientific material 


including current information on all fields of research 


The desire to provide complete technical knowledge for 
Dow personnel, together with intelligent: planning, has 
produced at Midland, Michigan, one of the most compre- 
hensive of all industrial libraries. This modern, air-con- 
ditioned structure contains over 35,000 books and over 
600 magazines. New books are added regularly, and both 
foreign and domestic abstracts are made available. 

Most of the material is highly technical. The most extensive 
coverage is given to material in the fields of chemistry, 
electrochemistry, biochemistry, agricultural chemistry, 
chemical engineering, physics and nuclear physics. 


you can depend on DOW CHEMICALS 
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In addition to published material, the library also furnishes 
an index of all research work conducted by all divisions 
of The Dow Chemical Company. 

This new library is but one example of Dow’s efforts to 
offer the finest facilities for work and recreation to its 
employees. THE DOW CHEMICAL COMPANY, Midland, Michigan. 


Dow's Booklet “Opportunities With The Dow Chemical 
Company”, especially written for those about to enter 
the chemical profession, is available free, upon request. 
Write to The Dow Chemical Company, Technical 
> Employment, Midland, Michigan. 


DOW. 
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STEEL IS LIKE PEOPLE. It, too, can become tired with too 
much shock and strain, or too much exertion. Fortunately 
for all of us, scientists have learned the secret of imparting 
the stamina of youth to steel. 


SECRET OF YOUTH — It’s done by adding small amounts of 
vanadium — often with other alloying metals—to the molten 
steel, usually as it comes from the steelmaker’s furnace. 

Thus, the springs of your car and other hard-working 
parts of automobiles, locomotives, ships, and aircraft with- 
stand constant shock and strain. 


WHAT IS VANADIUM? This special tonic for steel is one 
of the earth’s rarer metals. Most of America’s vanadium 
ore comes from the Colorado Plateau. After being concen- 
trated and smelted, the refined metal is shipped to the steel- 
makers. 

Vanadium is but one of many alloying metals that are 
used to improve today’s steel. Just as vanadium makes 
steel shock-resistant and enduring, chromium makes it rust- 


UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 


| q 
Adding youth to steel...for you 


Just a “pinch” of vanadium helps steel to serve you better 


resistant, tungsten makes it strong at high temperatures, 
manganese makes it tough at low temperatures, and silicon 
gives it important electrical properties. 


UCC AND ALLOYS— The people of Union Carbide produce 
more than fifty different kinds of alloying metals, in hundreds 
of varying compositions and sizes. They also work closely 
with steelmakers in developing and improving the alloy 
steels that go into nearly everything that serves us today. 
STUDENTS and STUDENT ADVISERS: Learn more about the many 
fields in which Union Carbide offers career opportunities. Write for 
the free illustrated booklet “Products and Processes” which de- 
scribes the various activities of UCC in the fields of ALLoYs, CaR- 
BONS, CHEMICALS, GASES, and PLastics, Ask for booklet F-2. 


Union 
AND CARBON CORPORATION 


30 EAST 42ND STREET UCC NEW YORK 17, N. ¥. 


FLEcTROMET Alloys and Metals « HAYNES STELLITE Alloys * EVEREADY Flashlights and Batteries * NATIONAL Carbons + ACHESON Electrodes 


PRESTONE and TREK Anti-Freezes « 


PyROFAX Gas Prest-O-LirE Acetylene 


DyNEL Textile Fibers +» BAKELITE, KRENE and VINYLITE Plastics * LINDE Oxygen * SYNTHETIC ORGANIC CHEMICALS 
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TECHNISRIEFS 


Fire-retardant Paint 

Engineers are studying with a 
great deal of interest the recent de- 
velopment of a new fire-retardant 
paint that is easily applied by brush 
or spray and actually stops fire 
from spreading. Everyone realizes 
the loss of life and property that re- 
sults from rapidly spreading flame, 
so this may well prove to be one of 
the greatest advancements yet made 
to help prevent these disasters. 

Every drop of this paint is 
claimed to contain a mass of minute 
“built-in” fire extinguishers; when 
exposed to flame the paint pours 
out carbon dioxide and calcium 
chloride, which smother the fire 
and retard the spread of flame right 
on the surface. 

Developed and Manufactured by 
Morris Paint & Varnish Company 
of St. Louts, under license from the 
National Fire Retardant Corp., 
Fyr-Kote (this paint’s trade name ) 
is one of the few oil paints ever per- 
fected to carry the Underwriters’ 
label even though early patents on 
fire retardant paints go back to 
the year 1880. 

Continuing studies and research 
of fire-retardant coatings are going 
ahead in pilot plant production be- 
cause far more important than pre- 
venting property loss is savings in 
human life. 

Fyr-Kote is an extremely wash- 
able flat wall paint, withstanding 
more than 25 cycles of scrubbing 
with strong washing powder and 
boiling water. It is easy to apply, 
economical, solid covering and long 
lasting. 


Plastic Bearings 


Precision bearings capable of at- 
taining speeds in excess of 100,000 
rpm are now possible through the 
use of thermosetting laminated 
plastics. These easy-to-machine, 
light-in-weight materials possess a 
unique combination of properties 
which make them ideal as_bear- 
ing retainers for high-speed ap- 
plications. 

As manufactured and fabricated 
by Synthane Corporation, Oaks, 
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Pa., retainers for machine tools, 
grinding spindles, turbine — and 
supercharged blowers, and aircraft 
instruments can be machined with- 
in the tolerances required for pre- 
cision and super-precision bearings. 

The comparative light weight of 
laminated plastics provide bearing 
designers with a number of advan- 
tages over metals. Due to the 
smaller masses involved, centrifugal 
resulting from extremely 
high speeds are reduced. As a con- 
sequence, there is less friction and 
wear against adjacent metal sur- 
faces. Starting torques are lower 
and more consistent. The overall 
bearing weight is reduced, and gall- 
ing, which is a temporary sticking 
or binding between two metal sur- 
faces, is eliminated. This is particu- 
larly important where a fast, smooth 
acceleration is required, Galling 1s 
usually attributed to insufficient 
lubrication or drainage of lubricant 
away from sliding surfaces. 
Laminates, while virtually imper- 
vious to oils and greases, do absorb 
small quantities of lubricant in 
the cotton fibers exposed during 
machining, and this endows the 
bearing with self-lubricating char- 
acteristics. Vests have shown that 


forces 


laminates run more quietly and 
with less vibration than steel at 
higher speed ranges. 


Transistor Production 


The General Electric Company 
recently began production of new 
junction transistors which will pro- 
vide essentially infinite life for 
many electronic devices. 

These transistors use a crystal 
of germanium to perform many of 
the functions of much larger and 
more complicated electron tubes. 
They are now being applied to cir- 
cuits under development for radar, 
airborne computing equipment, car- 
rier current and radio 
equipment, and television broad- 


two-way 


casting equipment. 
In a novel exhibit, the transistor 
was operated as the heart of a 


(Continued on page 43) 


HOW TO CREATE 
SUCCESSFUL 
DESIGNS 


IMPLY being able to create a 

unique machine design is no 
longer enough to insure a success- 
ful career in product engineering. 
Today, more than ever before, a 
machine design must be strong 
and durable, yet be the lowest in 
cost, to be acceptable to company 
management. 


As a result, many new designs 
are of welded steel construction 
and existing designs are being 
converted to eliminate excessive 
material and to reduce the number 
of shop manhours needed for 
fabrication, 


Fig. 1. Former Design. 


Machine re- 
quired milling and 


Weighed 18 


poun 


S, twice as 
much as steel design. 


Fig.2. Present Construction. 
Bearing Housingand arms 
arel0 gauge metal. Weighs 
only 8% pounds. Cost 30% 
less to manufacture. 


HOW TO DESIGN FOR WELDED STEEL 


As a result of such economies, it is 
important that forward-thinking 
engineers maintain close contact 
with the rapid progress in the arc 
welding industry. Latest data on 
design for welded steel construc- 
tion is available in bulletins and 
handbooks. Write to The Lincoln 
Electric Co., Cleveland 17, Ohio. 


THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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The simple step of sending a postal card for the 
booklet pictured here may well have a tremendous 
influence upon your future. 


Quite frankly, it is written to attract promising 
young engineers to the opportunities awaiting 
them at Goodyear Aircraft Corporation. 


The facts it presents are as sound as they are invit- 
ing—for it gives the story of an engineering-minded 
organization that is part of a basic industry, one 
which will always be doing business come peace or 
war, boom or bust. 

It is the story of a pioneering-minded organization 
which has contributed many important advance- 
ments to aviation’s progress. 


It traces the role of Goodyear Aircraft in the build- 
ing of complete airships and airplanes, in the 
research and designing of countless aeronautical 
components—including helicopter fuselages, drop- 
pable fuel tanks, transparent canopies, radomes, 
bonded sandwich structures as well as radar, guided 
missiles, wheels, brakes, and electronic computers. 


the reading 


(and it’s yours 
for the asking) 


It tells why Goodyear Aircraft offers you unlimited 
possibilities if you can qualify for membership in 
an engineering family which has set such an envi- 
able record in the exciting and ever-growing field 
of aeronautics. 
It’s well worth your reading. We invite you to send 
for it—and, if you desire, to accompany your 
request with a brief resumé of your qualifications 
or experience. 
ADDRESS: Dr. K. Arnstein, Vice President of 
Engineering, Goodyear Aircraft 
Corporation, Akron 15, Ohio 
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minature radio transmitter while 
frozen in a cake of ice, which was 
then melted and turned into boiling 
water. Purpose of the all-weather 
exhibit is to illustrate the transis- 
tor’s ability to perform efficiently 
under extreme variations in tem- 
perature and humidity. The new 
transistors also allow power ratings 
up to three times those of any pre- 
vious transistors. 

The new units are evacuated, 
hermetically-sealed, and they have 
unusual construction. They are 
the first to feature  all-welded 
metal construction, which eliminates 
the aging effects of moisture and 
trapped solder flux fumes. 

Previous methods of construc- 
tion have failed to produce a tran- 
sistor whose operating character- 
istics will not deteriorate with age, 
as a result of contamination either 
sealed into, or allowed to enter 
the casing. 

The new transistors will be pro- 
duced at the company’s germanium 
production plant at Clyde, N. Y., 
at a rate of several million yearly. 


Crash-Proof Tape Recorder 


A compact fire- and crash-proof 
airborne tape recorder designed 
to log everything that happens 
during an airplane or missile flight 
has been announced by North 
American Aviation, Inc. 

Using tiny miniature electronic 
parts, the small recorder originally 
was designed to “go along for the 
ride” on U. S. Air Force guided 
missiles to report on altitude, speed, 
and general conduct of the vehicle 
in flight. 

Carried by commercial, military, 
or private airplanes, the airborne 
tape can record important infor- 
mation during a flight as long as 
10 hours. The tape can be run 
for another 10 hours non-stop with 
the previous information — being 
“wiped off? as the new information 
is recorded. Over 500 hours run- 
ning time can be racked up on the 
recorder before it needs a service 
check. 

Locked in a sealed, crash-proof 
case, a 1,200 foot magnetic tape 
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carries the log of a complete trip, 
including conversation the 
cockpit, communications from the 
ground, data on pressure, altitude, 
time elapse, vertical acceleration, 
air speed, and direction. A quick 
check of the tape following an un- 
expected incident during — flight 
would give engineers a full report 
of everything that happened in 
the airplane from take-off to the 
time of landing. 

The 18-pound unit is about the 
size of a portable typewriter. 


Nuclear Research 


Research with the Brookhaven 
Cosmotron has produced clear evi- 
dence for the production of neutral 
V-particles, according to a report 
by four scientists at Brookhaven 
National Laboratory, Upton, N. Y.: 
Drs. W. B. Fowler, R. P. Shute, 
A. M. Thorndike, and W. L. Whit- 
temore. 

In 1947 Drs. G. D. Rochester and 
C. C. Butler of the University of 


Manchester, England, became the 


first scientists to discover these un- 
usual V-shaped tracks. They found 
the tracks in a magnet cloud cham- 
ber exposed to powerful cosmic 
rays. Various research workers in 
Europe and America subsequently 
determined that the tracks are made 
by disintegration of — unstable 
neutral particles forming protons 
and mesons, components of the 
nucleus or heart of the atom. 


Before the observations at Brook- 
haven were made, a_ search for 
neutral V-particles had been car- 
ried out at the University of Chi- 
cago synchrocyclotron, the high- 
est energy machine previously avail- 
able. The results were inconclusive, 
although some events were record- 
ed in photographic emulsions that 
may have been decays of neutral 
V-particles. 

At Brookhaven, an average of 
one nuclear event involving a 
neutral V-particle is found for each 
2000 photographs taken of two-bil- 
lion-volt neutrons passing through 
atoms of hydrogen in a_ cloud 
chamber. 
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Many hundreds of V-particle 
decay events have been recorded 
in cosmic rays, Lut their nature is 
still somewhat uncertain. The char- 
acteristic inverted V-shaped tracks 
observed in cloud chambers repre- 
sent the decay in flight of energetic 
unstable particles. Some involve 
the decay of a neutral V-particle 
to form two charged particle, while 
some represent the decay of a 
charged particle, a positive V, or 
a negative V, to give one charged 
and one or more neutral secondaries. 

The neutral V’s are the more 
common. In some cases the decay 
products of a neutral V are a pro- 
ton and a negative pi meson, plus 
37 million electron volts of ex- 
cess energy. In some cases the pro- 
ducts are a positive meson, a neg- 
ative meson and 214 million elec- 
tron volts of excess energy. Stull 
different products probably result 
occasionally. Thus there are at 
least two kinds of neutral V’s. Much 
less is known about the rarer posi- 
tive and negative V’s, but there 


are probably two or more kinds of 
them as well. 


News of Analog Computer 


Boeing Airplane Company now 
can provide a lot of help for many 
difficult problems with its elec- 
tronic analog computer, a fantastic 
assembly of vacuum tubes and cir- 
cuits which, if given all the facts 
and figures, can provide the 
answers. 

Boeing engineers and mathema- 
ticians make haste to point out, 
however, that their computer is 
not an electronic “brain.” It cannot 
create. But if given the differential 
equations of a problem through its 
dials and wiring hookups, it can 
provide the answer with alacrity. 
It does this within its electronic 
circuits, regulating voltages so that 
they simulate the variables inherent 
in the problem. 

The computer, standing almost 
seven feet tall, measuring about two 
feet wide and one and one-half feet 
deep, physically resembles an up- 
ended telephone switchboard. ‘The 
computer has been used to solve 
numerous problems in_ industrial 


and college research, and has 
brought about considerable savings 
in material, man-hours and dollars. 
A case in point was provided 
during the reconditioning of an es- 
cort-type aircraft carrier at the 
Puget Sound Naval Shipyard in 
Bremerton, Wash. Two electric 
generators had been replaced with 
a single higher-capacity generator, 
but when started the new unit was 
found to have vibrations, severe 
enough when the ship was docked, 
but more objectionable when the 
carrier put to sea and accelerated. 
Ingineers at the shipyard came 
up with several structural-change 
ideas, one of which called for al- 
ternating the dimensions and rigid- 
ities of the existing structure sup- 
porting the generator and then ob- 
serving the effects. Instead of 
actually cutting into the ship’s steel, 
however, the situation was simu- 
lated on a Boeing computer, and 16 
modifications were tried out in five 
hours without touching a torch to 
the floor plates. One was found to 
reduce the vibration by 47 per cent 
and was selected as the answer. 


full bridge meter 
movement 


is practically as large as the case? 


EATING SOMETHING sma.ter... 


uniquacore type 


TO BUILD SOMETHING BIGGER 


Problem . . . how do you engineer a 100,000 ohms per volt 
sensitivity tester so that it will fit into a 7 inch case with a dial that 


The Simpson full bridge meter movement has performed 
exceptionally well for many years. This new challenge, however, 
meant one thing—the compact meter movement had to be made 


even smaller... more sensitive. 


A unique core type movement was designed by Simpson 
engineers. Its specifications for accuracy are so extremely rigid 
that unusual production methods had to be devised to build these 
core type movements in commercial quantities. Simpson engi- 


neers did this, too. 


Today, laboratories, manufacturers, schools, and television 
servicemen have available to them a completely portable volt- 
ohm-microammeter...an electronic tester so sensitive that 
many of its 33 ranges are comparable in sensitivity to those of a 


vacuum tube voltmeter. 


In addition, this unusual 


product 


eliminates practically all of the disadvantages of a VTVM... 
drift, tube replacement, warm-up time, resulting in necessity for 
recalibration,—no AC outlet or line cord required. 

This is just one more example showing what creative engi- 


neering can do to solve a problem. 


prom ELECTRIC COMPANY 


5200 W. Kinzie St., Chicago 44+ EStebrook 


$88.00 


MODEL 269 


FIRST COMMERCIALLY AVAILABLE 
100,000 OHMS PER VOLT SENSITIVITY 
VOLT-OHM-MICROAMMETER INA 7" CASE 


In Canada: Bach-Simpson, Ltd., London, Ont. 
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Coming developments in transport—still beyond the horizon—will 
depend very largely upon the new alloys the metallurgists can supply 
the engineer. The laws of thermodynamics dictate higher tempera- | 
tures for greater efficiency in engines and, as the addition of Molyb- 
denum to many alloys allows the use of higher temperatures, it will 


certainly be used more and more in the engines of the future. 


Climax furnishes authoritative engineering data on Molybdenum 


applications. 
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@ Claud M. Kellett, Jr. received his Bachelor of Electrical 
Engineering degree from Georgia Tech in 1950. 

Claud’s first year at Allison was spent in the company 
of other recent engineering graduates in a college gradu- 
ate training program. This program helped him gain 
practical experience in the activities of selected depart- 
ments throughout the Allison plants. On the completion 
of his training, a call to active duty with the Army delayed 
Claud’s permanent assignment to an Allison department. 
However, the twenty-one months he was away did not 
diminish his opportunities in the least. When he returned 
early this year he was able to resume his career in engin- 
eering with the result that today he is an experimental 
engineer concerned with electronic instrumentation in the 
Research Group of the Transmission Test Department. 

The torqmatic converter turbine that Claud is working 
with is a vital element in the operation of Allison heavy 
duty transmissions. Allison is the world’s largest manu- 
facturer of torqmatic drives for heavy duty Ordnance and 
commercial vehicles and equipment. The commercial con- 
verters and transmissions are used in scrapers, tractors, 
trucks, cranes, shovels and drilling rigs. 


The problem presented to him in connection with the 
turbine was to find the level of residual stresses created 
in the turbine by repair welding performed on the hub. 
The feasibility of such welds might then be determined. 
Claud applied variable resistance type strain gages to the 
turbine vanes at their exits and read their strain levels 
with the strain indicator. Then he cut the vanes around 
each of the strain gages to relieve residual stress and 
re-read the strain levels. From the difference in strain 
between the stressed and relieved conditions he was able 
to calculate the residual stress induced by the welds. 


Yesterday Claud was interested in torsional vibration 
and the electronic “know-how” required to present it for 
oscillographic recording. He knows that tomorrow the 
many tests of transmissions and component parts will 
each present unique problems. Pressure transducers, vi- 
bration pick-ups electronic flow meters and tachometers 
must be installed with a myriad of complicating factors 
ever present. Equipment not available must be designed 
and built, or existing equipment modified. A future at 
Allison holds a constant challenge of doing that which 
has not been done before. 


Allison is looking for young men with degrees in MECHANICAL ENGINEERING, ELECTRICAL ENGINEERING, 
AERONAUTICAL ENGINEERING and INDUSTRIAL ENGINEERING. There are also a number of openings 
for majors in Metallurgy, Electronics, Mathematics and Physics. Write now for further information: R. G. Green- 
wood, Engineering College Contact, Allison Division, General Motors Corporation, Indianapolis 6, Indiana. 


DIVISION GENERAL MOTORS CORPORATION © Indianapolis, ind. 


Design, development and production—high power TURBINE ENGINES for modern aircraft . . . 
heavy duty TRANSMISSIONS for Ordnance and Commercial vehicles . . . DIESEL LOCOMOTIVE 
PARTS ... PRECISION BEARINGS for aircraft, Diesel locomotives and special application. 
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CHEMICAL PROBLEM... 


. .. to restore newness in feel and 
appearance to washable wearing 
apparel and linens. 


SOLUTION... 


. . . Hercules® CMC, a superior 
new-type laundry finish in dry or 
liquid form, which has many ad- 
vantages over conventional starch. 
It gives sharper colors, whiter 
whites. Fabrics iron easier; have 
a new look and softer finish. CMC 
improves the appearance of items 
not ordinarily starched. Laundry 
washes cleaner, easier, because 
CMC checks dirt penetration. 


COLLEGE MEN... 


This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate at Hercules—in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 


Hercules’ business is solving problems by chemistry for industry... 
... adhesives, soaps, detergents, rubber, plastics, paint, varnish, lacquer, textiles, paper, insecticides, 
to name a few, use Hercules” synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products and other chemical processing materials. 
Hercules* explosives serve mining, quarrying, construction, seismograph projects everywhere. 


| 
HERCULES POWDER COMPANY Wilmi 
HER C ULES | Sales Offices in Principal ees vi 
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Manufacturers of Super-Refractories Only 
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REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 
GRAPHITE ——— SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 


Vv 


LAVA CRUCIBLE-REFERACTORIES CO. 
PITTSBURGH, PA. 


ACHTUNG ! ! 


Direct from the master stein makers of 


Bavaria section of Germany 


CORNELL STEINS 


| Distinctive styling from the carved body in full 
| color to the tankard top. A real Heidelburg tank- 


| ard for stein collectors, but useful as well as | 


Three cables in one! ‘tha | 

was the solution sought, for supplying 

power, operational control and com- | 

munication to a pumping house 41/2 miles off shore in Lake Okee- 

chobee, Florida. $5.95 
| 


| ornamental | 


As usual, Okonite engineers were consulted on the problem. Their 
studies showed that it was possible to combine a three-fold function 
in one cable. This was accomplished by the use of Okolite high- 
voltage insulation whose electrical characteristics permitted carrier 
current to be superimposed on the power conductors. 

The result was a single Okonite-insulated cable — steel-armored for | | 
the 41/4 underwater miles, with a non-metallic sheath for an addi- 
tional 2!/, miles underground — which supplies not only power and 
operation control, but a communication circuit as well. 


eee THE CORNELL CAMPUS STORE 


Tough jobs are the true test of electrical cable... and 
installations on such jobs usually turn out to be Okonite. 


T € insulated wires and cables 


OLD ARMORY 
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about KEX HIGH SPEED tool bits 


Many millions of REX High 
Speed Tool Bits have been produced, 
in recent years, at Crucible’s 
Sanderson-Haleomb Works, Syracuse, New York. 
Our Tool Bit Department is actually a 
manufacturing plant in itself, where production 
is counted in pieces—in sharp contrast to the 
larger production units of most other 
phases of steelmaking. 
REX High Speed Tool Bits are made from high 
quality high-speed steel bar stock, produced at 
Crucible’s Sanderson-Halcomb Mill. Bars are 
cut to tool bit lengths, heat-treated, grit- 
blasted or ground, and inspected. 


TUMBLING — Prior to inspection and packaging, REX High 
Speed Tool Bits are cleaned by tumbling. 


HARDENING — Small batches of REX High Speed Tool Bits are hardened 
in modern salt bath furnaces. The bits are then quenched in either salt or oil. 


packages in Crucible’s warehouses, 


Uniformity Each individual REX High Speed 
Tool Bit possesses the same uniform high quality. 
Each bit is inspected by the magnetic particle method 
...and representative bits are tested for microstruc- 
ture and hardness. These tests control quality of the 
finished product... insure that REX bits will give 
, “s higher production from each grind, and a minimum 
com of “down-time” on your machine. 
— Te eri is done i rirculati aces, 
cigs Crucible Engineering Service Available 
maximum red hardness, toughness and abrasion-resistance neces Crucible engineers are available to work with you 
sary for continuous high cutting efficiency. in the selection of the proper REX grade for highest 
cutting efficiency on your particular job. 


[CRUCIBLE] first name in special purpose steels 
53 years of stoclmaking 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


Midland Works, Midland, Pa. . Spaulding Works, Harrison, N. J. . Park Works, Pittsburgh, Pa. . Spring Works, Pittsburgh, Pa. 
National Drawn Works, East Liverpool,Ohio « Sanderson-Halcomb Works, Syracuse,N.Y. ¢« Trent Tube Company, East Troy, Wisconsin 
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When this automobile clock was designed, 
its manufacturer had in mind the proba- 
bility of varied instrument panel locations 
with the resultant need of an adaptable 
coupling to the control knob. He chose an 
S.S.White flexible shaft to do the job. As 
the illustration shows, this simple hook-up 
permits both the clock and the control 
knob to be located in its most advanta- 
geous position. 


Many of the problems you'll face in indus- 
try will involve the application of power 
drives and remote control with the em- 
phasis on low cost. That’s why it will pay 
you to become familiar with S.S.White 
flexible shafts, because these “Metal 
Muscles”® represent the low-cost way to 
transmit power and remote control. 


SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET... 


Bulletin 5008 contains 
basic flexible shaft data 
and facts and shows how 
to select and apply flexible 
shafts. Write for a copy. 


INDUSTRIAL DIVISION 


50 


DENTAL MFG. CO. Dept.c, last 40th St. 
YORK 16, N. Y. 


Dietzgen Pocket Slide Rule 6” ............. $ 4.75 
Posts Pocket Slide Rule Tug ............::00000 6.85 
| Posts Pocket Slide Rule Log Log ................ 7.85 
| Keuffel & Esser Drawing Set with 
24.75 
Dietzgen Reliance Drawing Set .............6 18.00 


_ Vemco Drawing Set with Beam Compass 32.50 
_ Keuffel & Esser Log Log Deci Trig Rules .... 22.50 


Paper—tog Log,, Semi-log, 20 to inch, Centi- 
_ meter and many other kinds for your selection 


| 412 College Avenue 


SPECIAL FOR ENGINEERS 


Dietzgen Log Log Deci Trig Rules .............. 


TRIANGLE 
BOOK 
CO-OP 


Evan J. Morris, Proprietor 
Sheldon Court 


Store Hours: 8:15 A.M. to 8:00 P.M. 


Fraternities Sororities 


Attention 
for 
INVITATIONS 


RUSHING BOOKS 


SONG BOOKS 
FRATERNITY PAPERS 


Stop At The 


Norton Printing Co. 


317 E. State St. 
Opposite the Strand Theatre 
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STRESS 


Verily, | say unto thee, marry 
not an engineer for an engineer 15 
a strange being and possessed of 
many 

Yea, he speaketh in parables 
he calleth formulae. He 
ceteldeth a big stick which he call- 
eth a slide rule. He hath only one 
Bible... . a handbook. 

He thinketh only of stresses and 
strains, and without end of ther- 
modynamics. He showeth always a 
sertous aspect, and seemeth not to 
know how to smile. He picketh his 
seat ma car by the springs there- 
of, not by the damsels therein. 
Neither does he know a waterfall 
except by its horsepower, nor a 
sunset except by its phystes, nor 
a damsel except by her mass. Al- 
ways he carries his books with him 
and entertaineth his sweetheart 
log tables. 

Verily, although his damsel ex- 
pecteth chocolates when he calleth, 
the opens the packet to discover 
vamples of iron ore. Yea, he hold- 
eth her hand to measure the com- 
pression strength thereol, and kass- 
eth her to determine the specitu 
heat of her lips, tor in his eyes a 
destrous look, only a vain attempt 
to recall a variable constant. Even 
as a boy, he pulleth girls’ hair to 
test ats elastity. As a man he 
denteth 
counteth the 
heartbeat and seaketh to pursue his 
sclentific Investigations. He looketh 
‘en his own heart fluttering 


different motiwes, for he 


vibrations her 


UPON ev 
as a measure of fluctations and des- 
cribeth his passion as formulae and 
his marriage as a_ stmultaneous 
equation involving two unknowns 
and yielding an extraneous root. 
* * * 

Three deaf lacics were traveling 
on top of an open bus. 

“Windy, isn’t it?” said the first. 

“No it isn’t Wednesday, _ it’s 
Thursday,” said another. 

“Yes, I'm thirsty too. Let's all get 
off and have something to drink,” 
said the third. 


* 


E “H vhat would like 
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to drink?” 

Coed: “I euess have cham- 
pagne.” 

EE “Well, guess again!” 

* * * 

The truck knocked down the 
little old lady who was crossing 
the street. 

Truck driver: “Look out!” 

Old lady: “Why, are you coming 
back?” 

* * * 

And then there was the cross- 
eyed professor who couldn't con- 
trol his pupils. 

* * * 

First man: “What makes you 
think Joe is so dumb?” 

Second man: “Because he was 
looking in the post office on the wall 
and it says there on the sign, ‘Man 
Wanted in Chicago for a Robbery, 
and he went in and applied for the 
job.” 

CE (finishing a letter to a 
friend): I'd send you that five | 
owe you, but I’ve already sealed 
the envelope. 


Anyone who claims it is im- 
possible to attain absolute zero 
hasn't taken a quiz in thermo 
lately. 


* * 


Did you ever hear of the cvaiter 
in an insane asylum who 
soup to nuts? 

* * * 


verve d 


Then there was the overworked 
EE who told the story about the 
politically minded ion who heard 
there was going to be an electron 
so he went to the poles and volted. 

* * * 

If she wants a date-Meter. Tf 
the wants an escort-Conductor. 

If you thing she’s picking your 
poe ket-Detector. If she’s slow of 
comprehens.on-Accelerator. 

Doctor to patient: “You have 
only six more months to live.” 

Patient: “Then Pm going to be- 
come a Communist.” 

Doctor hy 
munist 2?” 

Patient: 
than one of us.’ 


become a Com- 


“Better one of them 


HIGHER 
MATH. 


AT ENDOF HALL 
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You'll be at the head of the jet parade at Boeing 


For long range opportunities, it’s hard to 
beat the yet aircralt field. If you want to 
ect into this exciting branch of engineer 
5 

ing alter you graduate, get in at the 
head of the parade at Boeing. 


Through the fighter fast B-47 six-jet 
bomber, and the giant new eight-jet B-52, 
Boeing has ac quired more experience de- 
signing, flying and building multi jet 
aircraft than any other company, either 
here or abroad. In addition, Boeing is 
the first American company to announce 
its entry into the jet transport field. 


Engineering graduates will find in 
the aviation industry an unusually wide 
range of experience, and great breadth 
of application — from pure research to 
production design, all going on at once 


Boeing is constantly alert to new tech: 


niques and materials, and approaches 
them without limitations. Extensive sub- 
contracting and major procurement pro 
grams, all directed and controlled by 
engineers, afford varied experience and 
broad contacts and relationships. 


Aircraft development is such an inte 
gral part of our national life that young 
graduates can enter it with full expecta 
tion of a rewarding, longterm career. 
Boeing, now in its 37th year of opera 
tion, employs more engincers today than 
even at the peak of World War IL. Its 
projects include guided missiles, research 
on supersonic flight and nuclear power 
for aircraft. 

Boeing engineering activity is concen 
trated at Seattle in the Pacific Northwest, 
and Wichita in the Midwest. These 


communities offer a wide varicty of rec- 
reational opportunities. Both are fresh, 
modern cities with fine residential sec 
tions and shopping districts, and schools 
of higher learning where engineers can 
study for advanced degrees. 

There are openings in ALL branches 
of engineering (mechanical, civil, elec- 
trical, aeronautical, and related fields), 
for DESIGN, DEVELOPMENT, PRODUCTION, 
RESEARCH and TOOLING. Also for servo- 
mechanism and electronics designers and 
analysts, and physicists and mathemati- 
cians with advanced degrees. 

J 
For further information 
consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Washington 
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PHOTOGRAPHY AT WORK 


No. 5 in a Kodak Series: 


Photography helps 


assemble it 


any language 


Pictures help boss the job when 
this drilling rig is set up for action 
half way around the world... 


Before shipping a drilling rig overseas, 
National Supply frequently first sets it up 
here for tests and paints the complex parts 
in coded colors. Then a color photograph 
is made. 

Why? To serve as a graphic guide when 
the rig reaches its buyer. He has only to 
follow the photograph—matching color 
to color—and the rig virtually assembles 
itself. As a technique, this use of photog- 
raphy makes unskilled labor more efficient, 
slices through the problem of language 
barriers. 

National Supply’s experience is an ex- 
ample of how photography saves time, 
cuts cost, reduces error, improves output. 


As a matter of fact, so 

many reasons for photog- 
raphy, so many ways of using 
it are being found, that well- 
qualified graduates in the physical 
sciences and in engineering have been 
led to find positions with the Eastman e 
Kodak Company. This number has in- 
cluded many returning servicemen. : 


If you are interested, write to Business 
and Technical Personnel Dept., Eastman 


Kodak Company, Rochester 4, N. Y. 


Eastman Kodak Company 
Rochester 4, N. Y. 
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JOHN NOLTE, Purdue University, asks: 


“What is G.K.’s 


Manufacturing 


Training Program? 


fhe Wanufacturing Training Program at General Electrie 

program of basie training for manufacturing leader- 
hip. ineluding planned rotational work assignments and 
elated classroom study for outstanding voung men who 
ie interested in eareer in manufacturing. was) or- 
canized too meet the inereased demand for etlective manu- 
facturing deadership and technical “know how.” tine 
ith the expansion and development of the Company - 
operations by developing trained men to fill future key 


on the organization, 


Who is eligible for this program? 

In veneral. the Program is open to college graduates with 
degrees in engineering and science, and a Limited number 
of business administration and liberal arts graduates. We 
are dooking for outstanding voung men with sound 
educational backgrounds, well-balanced personalities. 
demonstrated thinking abilities. and having the potential 
to develop toward top devel responsibility in key assign 


How long is the program? 

Phe normal length of the Program is three years. How- 
ever. some individuals may be able to complete ther 
training shorter pertod because of previous knowl: 


edye or experrenee in mianulac turing work, 


What type of work assignments are made? 
Work assignments are provided in all phases of manu- 
facturing and related funetions so that each man will 
acquire Knowledge of manufacturing engineermg, 
eluding manufacturing methods and techniques, shop 
operation, production control, personnel administration, 
labor relations. engineering activities, sales and = manu- 
facturing co-ordination, and general business administra- 
thon, 

In addition to job assignments, classroom courses 


GENERAL 


cover such subjects as Company organization. manutae- 
turing operations. labor and personnel relations. business 
administration. law and relationships between manu 
facturing and other funetions of the business. Progres- 
on the job and in classroom work i carefully observed 
and reviewed periodically with each man to assist hin 


in his career, 


What happens after training is completed? 


Miter completing the program. vraduates are 
placed in operating departments and divisions throughout 
the Company in positions where leadership and initiative 
are needed. All placements are made in relation to the 
aptitudes, abilities, and interests of the graduates 

At General Electric, manufacturing operations involve 
the administration and superviston of aetivities of more 
than [00.000 men and women ino more than LOO plants. 
who are involved in the making of some 200,000 different 
products. 

The wide s« ope at these aetivities. the great variety of 
products. and the diversity of manufacturing aetivitne 
offer limitless opportunities and exeming challenges te 
college vraduates today. 

Manufacturing training is a foundation for leadership 
and opportunity. to build) satisfying. rewarding 
career one of Americas most important industries. 


If you are a graduate engineer, or a graduate with definite 
technical inclinations that include an interest in the career possibili 
ties in manufacturing, see your college placement director for 
the date of the next visit of the Generai Electric representative 
on your campus. Meanwhile, for further information on oppor 
tunities with General Electric write to College Editor, Dept. 2-123, 


General Electric Company, Schenectady 5, New York 
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